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MODERN ENGINES AND BOILERS. 



HIGH PEESSUEB ENGINE. 

This class of engine varies in arrangement and 
design, viz.: vertical, direct, inclined, inverted di- 
rect, oscillating, and horizonted ; the last-mentioned 
being the most practical, is therefore universally 
adopted. To enumerate the different arrange- 
ments of this class of engine would be absurd, 
the author's intention being to give an example 
of the best and most practical he has met with ; 
thus the cylinder is secured to a- cast iron bed 
plate, which has provisions cast on it to receive 
all the connections, etc., the slide valve works 
against the front side of the cylinder, the piston 
rod being guided by a T shaped guide which 
works underneath the rod, in a channel, the top 
part of which is separate, being secured by bolts 
or studs, and nuts, the guide block receives the 
end of the* connecting rod, which is attached to 

the orank pin in the usual manner ; the crank and 

11 
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shaft are in one forging, the latter works in 
brasses, secured in a projection, cast either right 
or left on the bed plate, the eccentric keyed on 
the crank shaft is secured beyond the bearing, the 
throw being sufficient to work the feed pump and 
slide valve, the former being secured on the op- 
posite side to that of the main bearing ; the weigh 
shaft of the levers works in a boss, cast under- 
neath the guide channel, the levers are connected 
to the slide valve rod and feed pump with disen- 
gaging sockets, so as to be disconnected instanta- 
neously. The ball governor is supported in a 
standard, secured on the side of the cylinder op- 
posite the slide valve casing, the governor deriv- 
ing its motion from mitre gearing, driven by a 
belt passing round the crank shaft; the steam 
valve is regulated by a lever from the governor. 
By this arrangement, correctness, durability, sim- 
plicity, and access to all the details, is effected, 
being also economical both in price and working. 



Designing. 

In designing an engine of any kind, symmetry 
and economy should be observed, also that all the 
working parts should be accessible, without dis- 
arranging any detail ; there should be sufficient 
strength in the various parts subject to excessive 
strains, such as the main frame, shaft, crank, con- 
necting rod, bolts, nuts, etc.; lightness should be 
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Btrictlj adhered to, compatible with strengtli ; in 
the case of flanges, ribs should be introduced be- 
tween each bolt or stud to support the flange in 
the case of any undue strain. When any holes 
are cast, the centre part should be cored larger 
than the ends, so as to allow for fitting or boring; 
provisions for fitting should in every case project 
from the body of the casting, so as to allow for 
planing or chipping. 



RULES. 

POWER. 

The term nominal horse power being conven- 
tional, each maker has his own data for the pro- 
portion, hence the variation in engines of the same 
nominal power. The author has collected prac- 
tical evidence of the best proportion together with 
his own experience. The rules for the steam eui- 
gine will now engross the attention of the reader* 



HoBSB Power (Nominal.) 

The area of the cylinder = 7 to 9 isquare 
itiches per nominal HP. The stroke in most oases 
= twice the diameter of the cylinder. 

RULE. * 

Having determined the size of the engine, x 
the HP by the number of square inches agreed 
* 2 
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on,, the product = the area of the cylinder, from 
which obtain the diameter, the whole numbers of 
which, X by 2 = the stroke, decreasing slightly in 
large engines. It is practically essential that even 
dimensions be adhered to, remembering to in- 
crease rather than decrease the product when 
areas of circles are. in question. 

BXAMPLBS. 

4 HPi=4X9=36s6Ji diameter; stroke 12 
inches. 

6 HP = 6 X 9 = 54 » 8/0 diameter ; stroke 16 
inches. 

8 HP » 8 X 8.75 » 70 =» 9^ diameter ; stroke 18 
inches. 

10 HP = 10 X 8.5 = 85. = 10/j diameter ; stroke 

21 inches. 

12 HP = 12 X 8.25 = 99 = 11^ diameter ; stroke 

22 inches. 

15 HP s 15 X 8 «= 120 « 12| diameter ; stroke 24 
inches. 

20 HP » 20 X 8 » 160 » 14/9 diameter ; stroke 
28 inches. 

25 HP » 25 X 7 8 » 195 » 15 j} diameter ; stroke 
30 inches. 

30 HP = 30 X 7.T8 = 233 = Hi diameter ; stroke 
34 inches. 

35 HP = 35 X t.t5 = 2T2 = 18f diameter : stroke 
36 inches. 

40 HP = 40 X T.5 = 300 « 19Vi diameter ; stroke 
40 inches. 

50 HP ^bO X f » 350 = 21^ diameter ; stroke 42 
inches 
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Power (Actual). 

The first consideration relatiye to the actual 
power of an engine, is to ascertain the force ex- 
erted against the piston, also its speed in a given 
time. It is evident that what is gained in time i& 
lost in power, and vice versd, presuming the same 
total power to be exerted throughout. Thus, 10 
tons lifted in .6 minutes @ 10 lifts = 100 tons per 
hour, or 6 tons lifted in S minutes ® 20 lifts =: 
100 tons per hour. The actual power of the 
steam engine is due to the force exerted by the 
piston, produced from the pressure of the steam ; 
it is deemed universallj decisive that 88,000 lbs. 
is the constant number for one-horse, power raised 
one foot high per minute, hence the following 

« 

RULE. 

Multiply the area of the piston by the pressure 
per square inch, the product by the speed of the 
piston per minute, equals the force in lbs., this 
last, divided by 38,000, equals the actual horse 
power, including the friction. The following 
examples will enable the reader to understand 
the principle ; 30 lbs. pressure per square inch, 
and speed of piston 200 feet per minute being 
adopted : 
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Komi. Aotl. 

iRP .___.^. 6. 6 HP 

45X30X200 
33000 
„ T0X30X200_ 
^^^ 33000 -12.tHP 

. lOHP-?i><^^^i^=15.4HP 

33000 *«'•«*" 

12HP-«-i><!«><^=18HP 
33000 

120X30X200 

33000 -"'4i-o'ii^ 

2 160X302<200 ^ 

83000 • 

^, ..^^ 196X30X200 

„^ 233X30X200 
^'^^ lo^ -^2.3 HP 

2^2X30X200^ 

33000 
300gOX200^ 
* 33000 
„ S50X 30X200 



CYLINDEil. 

Area = HP nominal x 9 to 7. 

Diameter = \/ area x 1.128S. 

^ , _ . diameter 
Deptn of piston = j — 
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Stroke ;= diameter x 2. 

Clearance for piston at eacli end of the stroke ^ 
diameter 

80 

Allowance for re-boring, or increased diameter 
to receive cover = i to ^9 of an inch + the ra- 
dius of the diameter of cylinder. 

Internal length of cylinders stroke +piston 

+ clearance at each end. 

diameter of cylinder 



Piston rod diameter = 



6to7 



Thickness of body of cylinder. This cannot be 
deduced &om a fixed rule which would be prac- 
tical is all cases. For example, a cylinder of an 
engine 6 inches diameter should equal at least | 
of an inch in thickness, whereas, one 24 inches in 
diameter would be 1| inches in thickness; the 
former equals -^^ of the diameter, while the latter 
equals y'^ of the diameter, thus showing practice is 
. the best guide. The following, compiled by the 
author, will dispense with calculations and con- 
fusion of opinion : « 



HP nominal. 


DUmetor. 


Thlekn«MofBody. 


4 


m 


. f 


6 


8/, 


\k 


.8 


H 


1 


10 


IOt', 


it 


12 


Hi 


i 


16 


12| 


• \% 


20 


14A 


1 
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HP nomiiutl. 


Diameter. 


Thieknen of Body. 


26 


,. 15}| 


... 1t>, 


30 


•" IH 


... 1* 


35 


•• 18f 


••• JA 


40 


,. IV, 


... li 


50 


.. Hi 


... If 



The above includes the allowance for re-boring, 
but, when the speed of the piston is intended to 
exceed 300 feet per minute, yV of an inch should 
be added per 100 feet to the thickness given. 

^, . , rt . 1 . thickness of body 
Thickness of raised portions == ^ ^■ 

Length of raised portions = thickness ef body x 2. 
Thickness of metal of steam passages = thickness 

of body X .8 to .6. 
Thickness of back end cover = thickness of body 

X .8 to .6. 
Depth of fitting part of cover = thickness of 

body. * . 

Thickness of flanges = thickness of body x 1. to 

.8. 
Thickness of ribs =yr that of the body x .5 to A. 
Internal diameter of recess for nut of piston rod 

= diameter of screw part x 2. 
Diameter of studs and Dolts for securing cover = 

thickness of body below one inch. 
Pitch circle of bolts or studs == diameter of fitting 

part of cover + twice thickness of body + diam- 
eter of stud or bolt. 
Thickness of metal beyond stud or bolt = bolt's 

diameter x .75. 
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Diameter of nut bosses = size of nut across the 

• angles x 1.1. 
Thickness of bosses =c | of an inch. 
Thickness of front end of cylinder = thickness of 

body X. 8 to .6. 
Thickness of ribs (4) = thickness of front end x 

.8 to .6. 
Position of supporting brackets (perpendicular) = 

radius of cover +i to J of an inch. . 
Thickness of sole == thickness of body x 1 to 1.2. 
Thickness o^ ribs = that of sole x .8 to .6. 
Space between ribs = size of nut of securing bolts 

across the angles x 8. to 2. 
Diameter of securing bolts (4) =s diameter of 

piston rod x .7 to .6. 
Transverse distance of securing bolts' =s diameter 

of cylinder. 

STUPFINa Box AND Gland. 

* 

Piston rod stuffing box diameter = piston rod's 

diameter x 1.75. 
Depth = diameter of rodx 1.5.' 

Thickness of the metal of the bush = —^ — 5— 

o to o 

Grland depth = depth of stuffing box x .8 to .87. 

Thickness of metal of stuffing box = thickness of 

the gland. 
Diameter of gland studs = piston rod x .3 to 25. 
The metal around the gland stud =» diameter of 

Stud X .76. 
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_ - « ., piston rod diameter 
Depth of oil cup = ^ 

Thickness of gland flange = diameter of studs. 



Stkam Port (Supply.) 

. area of cylinder _ ^ . . , 

Area = ^^ \.^ = about } square men. 

per H P nominaL 

Length = diameter of cylinder x .6 to .7. 

area 
Width = ,-^^ 
length , 

Width and length of steam passage = J of an inch 

+ that of port. 

Exhaust port area = supply port x 1.5. 

Outside lap of slide valve = FP j P — 

^ 2 to 8 

_ . - _ outside lap 

Inside lap ^= — ft~5 — 
*^ 5 to 6 

Side lap of slide valve = width of supply port x 
.6 to .5. 

Width of bar = outside lap + inside lap + width 
of port supply. 

Position of valve facing = thickness of body x 
1.3 to 1.4 + width of steam passage + radius of 
external diameter of cylinder. 

Stroke of slide valve = width of port supply + out- 
side lap x 2. 

Diameter of slide valve rod = piston rod x .6 to .5. 

Stuffing box diameter = diameter of valve rodx 
1.8. 



MODSBK ENGINES AND B0ILSB8. SI 

Depth = diameter of valve rod x 1.6. 
Thickness of bush = J to A of an inch. 
Depth of gland = depth of stuffing box x .76. 
Thickness of metal of stuffing box = thickness of 

gland. 
Diameter of studs (2) = diameter of valve rodx 

.4 to .5. 

Clearance for slide = ^ - ^ 

7. to 9. 

Depth of slide valve internally = width of exhaust 

port. 
Thickness of body of slide = f to | of an inch ; 

if more than 9 inches wide, a rib should be cast 

centrally. 
Thickness of flange of slide valve = J to f of an 

inch. 
Position of 'rod. from face = diameter of rod+ 

thickness of flange. 



Slide Casing. 

Thickness of casing = thickness of the metal of 
steam passage. 

Thickness of flange = that of the body x 1.125. 

Width of flange = studs' diameter x 2.1 + thick- 
ness of body. 

Thickness of cover = thickness of body x .8 to .7. 

Diameter of studs = thickness of cover. 

Thickness of ribs = thickness of cover x .6 to .6. 
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Piston. 

Thickness of body = thickness of cylinder x .7 

to .5. 

Thickness of ribs = thickness of body x .7 to .6. 

-^ _ . _ _ .- area of piston 
Superficial area between nbs = — q ^ ^^ 

Diameter of packing ring studs = thickness of 

. metal of body. 

The mode of rendering the piston steam-tight 
around the periphery, is by a spring of cast 
iron in the form of a ring, thicker at one side 
than the other, the lesser being divided at an 
angle of 45°. To prevent the steam from 
rushing through this opening, a piece of gun 
metal, termed a tongue, is inserted centrally 
in the depth of the ring, on one sid^ of the 
division, the opposite side being plain, but care- 
fully fitted, so as to allow the expansion and 
contraction of the ring without the steam pass- 
ing through; the spring is renderetl perma- 
nently effective by a packing behind it, either 
of small springs, or a gasket of a parallelogr Jrtn 
in section ; the ring studs should screw into gun 
metal blanks, inserted centrally of the depth of 
the piston. 

Thickness of stud blocks = 1.12 to 1.7 X by the 
stud's diameter. 

Side of square of stud block = diameter of stud 
X 1.8 to 1.7. 

Thickness of spring at the thickest part = J inch 
per foot in diameter. 
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Thickness of ring at divided part = thickest part 
X .7 to .6. 



Piston Rod, 

The niodes of connecting the piston rod to its cross 
head are various ; usually, by inserting the end 
in the hollow end of a single or double eye, 
secured by a cotter ; a better mode is to make 
the end of the rod of a T shape, secured to the 
guide block by bolts. 

Taper of rod in piston = f of an inch per foot 

Depth of nut =. diameter of rod x .8 to .7. 

Area of securing bolts = area of rod. 

Thickness of T end = diameter of bolts. 

Width bf T end = bolts' diameter x 2. 



Ceoss Head ob CoNNBCTiNa Pin. 
Diameter = diameter of piston rod x 1.4 to 1.3. 



Guide Bloce. 

This guide block is of the Usual kind, adapted for 
high speeds ; the cross head or connecting pin 
works in the upper part. In some cases the 
block is in halves ; but the better mode is to 
make the back part solid, and the front part 
loose between the securing bolts, secured by a 
cap in front. 
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Bottom area of guide = 

area of cylinder 

ratio of length of connecting rod to stroke 

Length = stroke of engine x .45 to .4. 

Width =,-^ 

iengtn 

Thickness = width X .8 to .25. 

m, . , « 1 thickness of guide 
Thickness of shoe = ^ 

Taper of adjusting part of shoe = J inch'per foot. 
Diameter of adjusting stud = thickness of shoe. 
Length of bearing of connecting pin = diameterx 

1.5. 

diameter 
Thickness of metal around bearing = . ^ 

Thickness of back part = bearing's diaiaofeterx .4. 
Thickness at front part = that of back x .5. 
Depth of recess for soft metal = J to A of an 

inch. 
Thickness of cap = diameter of seeuring bolt. 
Width of cap = thickness x 2. 



CoNNBOTiNa Rod. 

Length = stroke of engine x 2 as a minimum. 
Length of fork from centre of eye = diameter of 

connecting pinx 2.5. 
Width of each fork = diameter of connecting pin. 
Thickness of each fork = width x .5. 
Thickness of metal around pin = diameterx A to 

.86. 



J 
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Width of eye = thickness of forkx 1.25, 

Diameter of connecting rod (fork end) s= piston 
rod's diameter X 1.126. 

Diameter of connecting rod at crank end = diame- 
ter of piston rodx 1.25. 

Diameter of connecting rod at centre = ^^ of an 
inch per foot in length + diameter at crank end. 

The form of heads for the connecting rod is 
various; the most practical for adjustment, and 
renewal of brasses, is the marine kind, viz., T 
head with flat brasses, and cap, or solid head in 
halves, with hexagonal or round brasses. 

Diameter of crauk pin = diameter of piston rodx 

1.5. ' ^ 

Length bf bearing = diameter of pinx 1.5. 
Thickness of the brasses at the ends = 

diameter of pin 
4 to 6 
Thickness of the sides = thickness of endsx .5. 
Diameter of adjusting bolts = diameter of securing 

bolts for guide block. 
Thickness of metal between brass and side of 

_ _ diameter of bolt 

DOlt=5S ;: 7:: 

6. to 8. 
Thickness of brass at extremities of bearing =; 

diameter of bearing 
5. to 7. 
Thickness of the flanges of brasses = thickness of 
the sides. 
- 8 • 
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Diameter of flanges = extreme distance across the 

angles +tliickness of one side of brass. 
Thickness of the head of the connecting rod 

beyond brasses = crank pin's diameter x .6. 
* When caps are used and flat brasses, proportions 

of brasses and bolts will be as for a solid head.. 
Thickness of flat brass between bearing and side 

of bolt = J to T^ff of an inch. 
Thickness of cap = diameter of adjusting bolt. 
Width of the head or cap = diameter of adjusting 

bolt X 2. 



ECCBNTBIO. 

The stroke is obtained fipom the length of the 

lever and stroke of slide valve. 

^ . , ^ , diameter of shafli 
Thickness of boss = tt—3 

4 to 6 

Thickness of ribs (8) = thickness of boss x .5 to .4. 

Taper of ribs = J inch per foot in length. 

Thickness of rim = thickness of bossx .8 to .7. 

Depth of recess J to J of an inch. 

Thickness of sides of recess = depth of recess. 

When the eccentric works the slide valve only. 

The throw = half stroke of slide valve. 

_ . , - - diameter of shafli 
Thickness of boss = =— — = 

5 to 7 

The remaining proportions are the same as above. 
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EccsNTBic Bod Band and Bolts. 

Diameter of rod T end = di^ipieter of slide yalve 

rod X 1.5. 
Length = length of connecting rod. 
Diameter of rod at lever end =s diameter at T end* 

X .9 to .8. 
Diameter of rod at centre = ^ of an inch per 

foot in length + diameter at T end. 
Area of each bolt and stud = area of valve rod. 
Thickness of T end =s diameter of bolt. 
Thickness of band = diameter of boltx J5 to .4. 
Thickness of flanges of band = thickness of band 

X 1.5. 
Width of band :^ nut across angles x 1.1. 
When the eccentric works the sKde valve only! 
Diameter at T end = diameter of valve rod x 1.25. 
Diameter at valve rod end = diameter of valve 

rod. 
Area of bolts and studs = area of valve rod x .8, 
Diameter of weight shaft for levers of feed pump 

and slide valve = diameter of valve rod x 2. 
Diameter of weight shaft for working slide valve 

only = diameter of slide valve rodx 1.8. 



Main Framing. 

The main framing of an engine is that part 
which is susceptible to every strain to which the 
engine is liable. Many makers of engines cast 
this frame in two or more pieces ; such a practice 



28 BUBGH^S PBAOTICAL BULES FOB 

is bad, being productive of disarrangement, and 
undue strain to the working and rigid parts, as 
in the case of the connecting bolts becoming 
loose, etc. — a too often occurrence in engines of 
high speed. The author has endeavored to pro- 
duce af good example, of what a frame or bed 
plate of an engine should be in cast iron, with a 
proper distribution of material. The following 
rules will enable the reader to judge as to the 
veracity of his statement : 

Thickness of metal = thickness of cylinder x .8- 

to .7., 

. _ • , diam. of cylinder 
Width of each side of frame = — : — : — ^r^ 

Depth of frame = width x .5. 

Distance between centre #of sides = diameter of 

cylinder. _ 

Height of facing projections = J to J of an inch. 
Diameter of bosses of securing bolts = bolts' 

diameter x 2. 

Length of guide channel = 

length of guide block , ^ 

' — ^- ^ h stroke of engine. 

Thickness of flange part of guide channel = thick- 
ness of guide X 1 to .875. 

Diameter of flange studs = thickness of flange X 
1. to .75. 

Pitch of bolts = diameter X. 8. 

Thickness of metal on each side of bolt = bolt's 
diameter X .75. 
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Thickness of metal under guide = thickness of 

guide. 
Diameter of holding down bolts of frame (6) = 

diameter of securing bolts for cylinder. 
Diameter of lever weigh shaft boss = diameter of 

shaftx2. 
Thickness of bush = | to ^ of an inch. 
Diameter of crank shaft's bearing = diameter of 

piston rodx 2. as a minimum. 
Length of bearing = diameter x 1.5, 
Position of centre of bearing from centre line of 

framing =3: diameter of bearing x 2. as a mini* 

mum. 

Thickness of brasses of bearing =! ' 

Area of each adjusting "bolt = area of piston rod 

X .7 to .6. 
Thickness of cap = diameter of bearing x .6 to .5. 
Thickness .of metal between brass and side of 

, , bolt's diameter 

bolt= z 

4 

Thickness of metal above side of adjusting bolts 

= diameter of boltx .5 to .4. s 
Thickness of clip = thickness of metal above side 

of adjusting bolts X .5. > 



Cbakk and Shafts. 

Area of the crank = area of shaft's bearing. 
Thickness of crank = diameter of bearing x .8 to 
.7, 
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Diameter of shaft beyond bearing = diameter of 

bearing X 1.2 to 1.12. 
Diameter of collar of crank pin = diameter of 

pin X 1.125 to 1.2. 



Flt Wheel. 

Weight of rim in cwts. = nominal HPx 3. to 2. 
Diameter to centre of rim = stroke of engine x 4. 

to 8. 

weights in lbs. 

Cubical contents of rim = tt^k 

.Zoo 

Sectional area = 

cubical contents 

circumference of rim at centre line in inches 

_ , , . diameter at centre of rim 
Depth of rim = ^^^^j^ 

^. _ _ _ . sectional area 
Width of nm= 5^^^^— 

Diameter of boss = diameter of shaft by 2.5*to 2. 
Length of boss = diameter of shaft x 2. 

Number of arms 6. 

"r area of rim 

Sectional area of arm = 



Width of arm at rim = 



number of arms 
depth of rim 



2 
Taper of arm = J inch per foot. 

, n ' ^^®^ of rim 
Area of connecting bar of nm = — ^-r — r — * 

* O to TC 
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^xr.i, A . -I depth of rim 

W idtn of connecting bar = — ^-jr— — z — 

^ 8 to 4 

Depth of key = width of connecting bar. 

Width of key = depth X .8 to .2. 

wj*i. fi -u • length of boss 
W idth of boss nngs == — a f k 

Thickness of boss rings = width x .6 to J5. 



Feed Pump. 

The rules given for this pump are generally 
both abstruse and obtuse, thus confounding the 
uninitiated with perplexing calculations having 
no reference to the cause of requirement. It must 
be clearly understood that in no case whatever 
can the proportions of the feed pump be obtained 
from the diameter of the cylinder, length of stroke 
of the engine, and such-like insane ideas. The 
proper mode of ascertaining the proportions of 
any portion of mechanism, is to deduce it from 
.the prime mover; therefore, in the case of the 
feed pump, common sense implies that the pres- 
sure of the steam, and the cubic contents of the 
cylinder, must imperatively be the origin of the 
requirements to keep a proper supply of water in 
the boiler. The following simple rules will be 
found practically correct : 

Cubic contents of feed pump in inches (see Table 
below) = contents of cylinder -f cubic contents 
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of one steam passage in feetx 4 times the num- 
ber of cubic inches of water to produce a cubic 
foot of steam. 

Oabio inches of water 
to produce 1 cabio 
Frassnre of Staam. foot of steam 

iU ••• ••• ••• X.i 

XD ••• ••• ••• SlmKj ^ 

^U ••» ••• ••• Ji,0 

^0 ••• ••• ••• 2.0 

Oil ••• ••• ••• ^»w 

o9 ••• ••• ••• O*^ 

4U ••• ••• ••• o.O 

49 ••• ••• ••• . OmO 

0\} «M»« ••• ••• 4*v 

60 ••• ••• ••• 4.6 

Til ••• ••• ••• 0.x 

80 ••• ••• ••• 5.65 

u\) ••• ••• ••• 0.^ 

100 ••• ••• ••• 6.68 

Stroke of pump is obtained from the length of 
lever and stroke of slide valve, when the same 
lever is used to work the slide valve. 

Area of valve = area of plunger x .6 to .7. Valves 
are generally of India-rubber. 

Thickness of body of plunger = ^^ to y^^ of 'an 
inch per inch in diameter, per 20 lbs. per square 
inch of pressure of steam in boiler. 

Thickness of end = thickness of bodyx 2 to 1.5. 

Area of plunger pin = area of eccentric rod (lever 
end)x .8. 

Diameter of stuffing box = diameter of plunger 
1.6 X to 1.4. 



MODERN ENGINES AND BOILERS. 8S 

Depth of stuffing box = diameter of stuffing box 
X .5 to .4. 

Depth of gland = depth of stuffing boxx .7 to .8. 

Diameter of gland studs (2) = diameter of pump 
X .3 to .2. The studs should never exceed 1 J 
inch diameter. 

Thickness of flange = diameter of studs. 

Thickness of body of pump (gun metal) = thick- 
ness of plunger X 1.5 to 1.3. 

Thickness of body of pump (cast iron) = thick- 
ness of plunger X 1.8 to 1.6. 



Feed Pump Relief Valve. 

This valve is connected to the pump pipe be 
tween the discharge valve and the boiler, so that 
in the case of any obstruction being in the pipe, 
or the feed cock closed, the relief valve will act, 
and prevent any disarrangement or rupture of the 
engine pipe, etc. The most practical position for 
this valve is directly over the discharge valve of 
the pump. 

Diameter of valve = diameter of feed pipe. 
Diameter of spring = diameter of feed pipe. 

The sectional area of spring is a difficult result 
to be obtained, as the temper of the steel, the 
number of coils, and space between, will mate- 
rially alter the pressure or action of the spring. 
The following will be an approximation, 'enabling 
exactitude to be obtained by the adjusting screw : 
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Number of coils = 6 to 8. 

Diameter of section of coil of spring equals 4J5 of 
an inch per 2 inches in diameter, having an in« 
crease slightly in springs below 2 inches in 
diameter. 

Space between coils = thickness of coil x 2. to 1.5. 

T^. ^ « 1 . ,, diameter of valve 

Diameter of valve spindle = ^r — s 

^ 4 to 6 

—, . , ^ - diameter of spindle 
Thickness of valve = tz — 



GOVERNOB. 

The proper mode of ascertaining the actual 
length of the levers, pendulum, and spindle of the 
governor, is to determine the length or height of 
the plane line, and set out the centre lines of the 
pendulum at an angle of 60^, as their position at 
the proper speed ; the angle should never exceed 
45° when at the greatest velocity, but this angle 
will rarely, if ever, be obtained, if the governor be 
properly proportioned. 

The centre of suspension should imperatively 
be on the centre of rotation ; if below it, the cone 
becomes a frustrum or part of a cone, thus de- 
stroying the principle from which the ball gov- 
ernor is deduced. 

Height of plane line from suspension =*= stroke of 
engine X .5 to .4. 
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Number of refvolutions of governor = 

_^ 187^5 

\/height of piano line from point of suspension. 
Diameter of mitre gear = height of plane line x 

.4 to .8. 
Fitch of teeth =s I to y\ of an inch per inch of 

diameter. 
Diameter of weigh shaft = pitch x 2. 
Number of revolutions of engine = 

speed in feet 

stroke in feetx J 

Diameter of spindle = J to | of an inch for 12 

inches in length. 
Position of connecting lever on pendulum = J of 

the distance from point of suspension to the 

ball. 
Diameter of connecting levers = diameter of pen- 
dulum x 1 to .8. 
Diameter, of pendulum = diameter of spindle x 

.6 to .5. 
Diameter of pins = diameter of connecting lever. 
Thickness of lever slide = J to J of an inch. 
Thickness of metal of top = diameter of spindle 

X-.3 to .2. 
Thickness of metal of governor bracket = J inch 

per foot in height. 
Diameter of spindle and rods for governor valve 

= diameter of connecting levers x .7 to .6. 
Diameter of balls (cast iron) = height of plane 

linex .5 to .4. 
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BEAM > ENGINE (CONDENSING). 
To James Watt do we owe the beautiful ar- 
rangement and combination of levers (used to 
produce a perpendicular line), designated the 
"parallel motion." This motion is universally 
adopted for the beam engine, although, since its 
introduction, guides and trunks have been used 
to obtain the perpendicular motion of the piston 
rod; practically correct as this is, but in cases 
where design and symmetry be observed, James 
Watt's parallel ^ motion feigns supreme. The 
valves for the admittance and exit of the steam 
in and from the cylinder are various ; slide valves 
are only used in small engines, say up to 20 HP. 
Cornwall, the land of beam engines, adopts the 
equilibrium or double beat valve, so shaped that 
the pressure of the steam becomes neutral in re- 
lation to the action of the valves. When slide 
valves arc used, the common eccentric is the 
means adopted for working them ; whereas when 
double beats are used, cams, levers, etc.; produce 
the motion ; the author has had the opportunity 
of observing practically the principle for working 
this valve, and has no hesitation in stating that 
the cam produces the best efifect, on. account of 
the irregular motion it produces, due, of course, 
to its particular shape. When cams are used, 
they are generally keyed on a shaft in jfront of the 
cylinder, which shaft is worked by mitre gear; 
the speed in revolutions being, of course, equal to 
the crank shaft ; the double beat valves are side. 
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by side in a cast iron casing, designated the 
nozzles, which are secured to flanges top and 
bottom of the cylinder ; each nozzle contains a 
supply and exhaust valve ; the primitive mode was 
to have four valves in one top nozzle, with pipes 
leading to the bottom of the cylinder. The action 
of the steam is always more sudden when the 
valves are close to their work. In single acting 
engines, the steam &om the top nozzle is allowed 
to descend and do duty in the bottom nozzle, 
thence to the condenser, which in most cases is 
in front of the foundation of the cylinder. The 
air pump exhausts the condenser in the usual 
manner, either by India-rubber discs or square 
valves. In many cases pumping beam engines 
have no fly wheel, but latterly they have been 
introduced, and the author wonders why not 
before, as their introduction tends to assist and 
equalize the motion of the engine. 



POWEB. 
HP. 

10 to 20 = 30 to 22 sqaare inches per HP. 
20 '* 30 = 22 " 21 : " 

30 " 50 = 21 " 20 " 

50 " 100 = 20 " 19 " 

100 " 150 = 19 " IT 
Stroke = diameter of cylinder x 2.25 to 2. 
Area for port supply (for slide valve) = 

area of cylinder 
19 to 22 
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Area of exhaust port = area of supply port x 1.5. 

Area of port when equilibrium valves are used = 

area of exhaust as for the slide valve. 

Length of port = diameter of cylinder x .6 to .7 

area 
Width of port = 



length 
Diameter of piston rod = 



diameter of cylinder 

lo 



Diameter of stuffing box = diameter of rod X 2 to 
1.75. • 

Depth of stuffing box = diameter .of rod x 4. 

Depth of gland = diameter of piston rodx 2. A 
perforated tube of brass is inserted centrally in 
the depth of the stuffing box, into which steam 
is admitted by a pipe leading from the nozzles ; 
by this means the stuffing box is kept air tight 
fn relation to the cylinder. 

Diameter of gland bolts 8 to 4 = diameter of 
piston rod x .4 to .3. 

Thickness of body of cylinder allowing for re- 
boring = 

10 inches diameter | of an inch 



20 ' 


i " 


30 


1 


40 ' 


li " 


50 


lA " 


60 


If " 


10 


li " 



Thickness of cover = thickness of cylinder x .8 
to .7. 
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Diameter of studs = thickness of cover x 1.25. 
Thickness of ribs = thickness of cover x .8 to .7. 
Diameter of bolts for securing cylinder = diameter 

of piston rod x .5. 
No. of securing bolts = 4 to 6. 
Thickness of flanges = thickness of body. 
Thickness of slide or equilibrium valve, casing, 

or nozzles = thickness of cylinder x .8 to .7. 
Thickness of flanges of nozzle = ihickjiess of 

body part of casing. 
Diameter of securing studs of casing = thickness 

of flange. 
Area of valve's supply (equilibrium) = 

area of cylinder 
19 to 22 
Area of exhaust valve = area of supply valvax 

1.5. 

„ , area of valve 
Area m centre of valve = ^ 

Angle of mitre = 45® 
Width of mitred part of valve seat = 

diameter of valve 
12 to 15 
Depth of valve between seats = width of port. 
Thickness of body of valve = J to f of an inch. 
Diameter of studs for securing valve seats = J to 

f of an inch. 

_^. . ^ , , diameter of valve 

Diameter of valve rod = ?r7""?i 

7 to 9 

Stuffing box diameter = diameter of rod x 2. 



f 
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Depth = diametep of rod x 2. 

Depth of gland = diameter of rod x 1.5. 

Diameter of studs of gland (2) = diameter of rod 

X.5. 
Diameter of cam shaft = diameter of valve rod 

x8. 



Parallel Motion. 

The aesign of this motion is^till in most cases 
primitive, more particularly in the connection of 
•the beam to the piston rod, flat bars being gen- 
erally used; designated links, with distance pieces 
between the brasses adjusted by keys, cotters, and 
gibs, the said distance piece being often of cast 
ir6n, the design of which owes its origin to the 
so-called trellis, or cross-barred work adorning 
fronts of antique -windows, or forming railings of 
gardens. In some cases, distance pieces are of 
wrought iron turned rods ; when beams are con- 
structed in two parts or sides, and bolted together 
by distance bolts, the connecting rod has a double 
end for the pin in the beams, whereas that for the 
piston rod cap is single; the same applies for 
beams with solid ends. 

The radius rod weigh shaft may be allowed to 
vibrate in plummer blocks, instead of fixed with 
the radius, rods vibrating on it. By the former 
adoption, the radius rods can be adjusted by nuts 
or cotters to the most minute exactitude, which is 
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the vital part of the parallel motion; the parallel 
bars or rods should also be adjusted as the radius 
rods. 

Length of beam in feet = stroke of engine in 
feet X 8.5, in some cases 4. 

Length of piston connecting rod, or link = 

stroke of engine 
2 

Length of parallel bar = radius of beam.x .48. 

Length of radius rod = radius of beam — paral- 
- - - remainder' 
parallel bar 

Diameter of piston connecting rod = diameter of 
piston rod. 

Diameter of parallel connecting rod = diameter 
of piston rod x .5 to .45, 

Diameter of parallel bar and radius rod =s diam- 
eter of piston rod x .5 to .4. 

Diameter of piston rod cap (wrought iron) = diam- 
eter of rod X 1.6 to 1.5. 

For the prc^ortions of brasses, straps, gibs, and 
cotters, see Miscellaneous. 

Diameter of radius rod and parallel bar weigh 
shafts = diameter of piston rod x .7 to .6. 

Diameter of piston rod cap pin = diameter of pis- 
ton rod X 1.2. 

Diameter of beam end pin = diameter of piston 

rod X 1.2. 

-^ , « . , length of beam 
Depth of main beam at centre =s — ° ^ 

A universal rule is half stroke of engine. 
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Diameter or depth at end = depth at centre x A -to 

.3, the line from centre to ends being a curve. 
Thickness of beam with 2 parts or sides = one 

inch as minimum for beams 15 feet in length, 

having an increase beyond this J inch per 10 

feet of length. 
Thickness of ribs and back of beam = thickness 

of body X 1.25. 
Width of moulding, ribs, and web = thickness of 

body X 2. to 8. 
Diameter of gudgeon = diameter of piston rod X 

2.25 to 2. 

The proportions of solid beams are as follows : 

Tl^^ckness of beam = 1 J inch as a miniihum for 

beams 10 feet long, increasing in thickness J in. 

per 5 to 6 feet beyond the fixed dimension. 
Thickness of rib and web = thickness of body in 

large beams ; a slight increase in small beams. 
Diameter of globe at ends of be^m = depth at 

centre x .8 to .2. 
Diameter of bosses for pins = pins' diameter x 

2.5. 
Depth = pins' diameter x 1.5, 
Diameter of gudgeon boss = diameter of gudgeon 

X 2, having a moulding and ribs to strengthen 

it. 
Thickness of rib = thickness of body x .5. 

In all cases design and sjrmmetry should be 



KOBERN ENGINES AND BOILERS. 48 

observed in beams of cast i^on, such as recessing 
the body, a moulding at the end of the ribs and 
web, etc. 



Wrought Iron Beams. 

This material for beams of engines is becoming 
more general in parts where life is considered 
worthy of care. Although the author has given 
rules for beams of cast iron, he does not advocate 
the use of that material for beams of steam en- 
gines, for the reason that cast iron beams must 
imperatively be weakened by uneven expansion 
and contraction in cooling, however much precau- 
tion may be taken. Cast iron beams are in one 
mass, whereas wrought iron are of separate parte, 
or plates, riveted or bolted together ; for instance, 
in the bosses of the pins and gudgeon, practice 
determines that, in wrought iron, these should be 
secured to the body plate, rather than forged with, 
or even welded on it. The author's experience in 
the practicability and strength of wrought iron 
tends to demand rather than advise its use where 
safety is required and his superintendence is 
supreme. • 

Depth of beams at centre and ends may be as for 
cast iron, symmetry being the principal guide. 

Thickness of sides or plates = J inch «s a mini- 
mum for a beam 15 feet long, increasing J of 
an inch per 8 feet beyond this. 
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Width of angle iron = 2. to 3. inches. 

Space between side plates = depth at centre x .2, 



Connecting Eod. 

This rod is generally of cast iron, ornamental 
in design*. Makers of beam engines generally 
rely on tliis detail, as ladies do on their bonnets, 
viz., on the useful and ornamental conclusion, of 
the paraphernalia of the whole, in which both 
parties delight 'to indulge. 

Length of connecting rod = stroke x 8. 
Section at centre is usually a cross, or as the alge- 
braic sign for plus or more. 

area of cylinder 

Area at centre = ., q ^ \.^ 

18 to 20 

Width of cross, 12 inches as a minimum for a rod 

^^ /. 1 1 1 . length of rod 

12 feet long, above this = — z-j-r — z-z — 
^ 14 to 15 

Diameter of crank pin = diameter of piston rod 
X 1,4. 

Length = diameter x 1.5. 

Length of crank end of connecting rod, which is 
a parallelogram in section = throw of crank + 
radius of web of prank + clearance. 

Sectional area of crank end of connecting rod = 

area of centre . . 
« as a mmimum 

Width of rod at crank pin end = diameter of 



.' 
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crank pin x .8 to .7, tapering to the cross part | 
per foot. 

The termination of the cross part of the con- 
necting rod at each end is a circle. 

Diameter of crank end = width of centre x .8 to 
.76. 

Diameter of termination at beam end = diameter 
at crank end x .875. 

In cases where the connecting rod is required 
to be forked at the beam end, that part is cast 
with the remainder. * 

Area of 'each fork =ss, area of termination at beam 
end X .'6. 

For the proportions of brasses, cotters, and 
gibs, see Miscellaneous. 



Cbank Shaft. 
Diameter = diameter of piston rod x 2.5. 



Cranes. 

In beam engines this crank is under the same 
misfortune as the beam, viz., constructed of cast 
iron ; also, it is large and heavy in ratio to the 
symmetrical contour which wrought iron will ad- 
mit of, combining the same strength. Aar how- 
ever, the prejudice of some makers has to be 
gradually eradicated, the author presents the fol- 
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lowing proportions of cast and wrought , iron 
cranks : 

CAST IRON CRANKS. 

Diameter of boss of pin = diameter of pin x 2. 
Diameter of crank shaft boss = diameter of shaft 

X 1.75. 
Length of bosses = diameter of shaft or pin. 
Thickness of web = length of boss for shaft X .8. 
Thickness of centre rib = thickness of web x .6. 
Depth of web = thickness of web. 

WROUGHT IRON CRANKS. 

Thickness of metal of boss around shaft = diam- 
eter of shaft X .4. 

Thickness of metal of boss around pin = diam- 
eter of pin X .375. 

Area of crank at centre = ^rea of shaft. 

This crank should be shrunk on the shaft, aflier 
which keyed, thus ensuring a permanent connec- 
tion. 



Gear for Working Slide Valve. 

The slide valve being used only in beam en- 
gines of small power, a brief notice will only be 
given, sufficient, however, to enable the proper 
proportions to be attainable. The mode of work- 
ing tUb slide. is by an eccentric, keyed on the 
crank shaft, whose motion is transmitted by a rod, 
levers, and weigh shaft to the valve. 
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Outside lap of valve = width of port supply x .5 

to .6. 

_. . _ _ outside lap 
Inside lap = ^ 

Width of bar in cylinder = outside lap + inside 
lap + width of supply port 

Diameter of valve rod = piston rod x .6 to .4. 

Throw of eccentric = outside lap + width of sup- 
ply port, presuming all levers are of the same 
length. 

Diameter of eccentric Tjolts = diameter of valve 
rod X .8. 

Width of eccentric band = bolts' diameter x 2.1. 

Thickness = bolts' diameter x .8. 

rrni i> X • 1 diameter of shaft 

Thickness of eccentric boss = ^- — ^ 

6 to 6 

Thickness of band = thickness of boss x .75 to .6. 



Eccentric Eod. 

As this rod is of great length, even -in engines 
of a moderate size, where direct action from the 
shaft to the valve lever is observed, rigidity is 
required, so as to transmit a true motion to the 
valve ; but this rod is not subject to such strains 
as the general modes of construction and propor- 
tions would infer ; being flat bars, the sectional 
area of each equals that of the valve rod f also 
being strengthened by perpendicular stays of 
huge dimensions, intersected with lattice-work, 



48 bubgh's pbactical bulbs fob 

sufficient to bear ten times the strain the eccentrie 
can ever impose on it; thus making a girder in- 
stead of a rod, and thereby incurring unnecessary 
weight and friction. The following proportions 
will be found to be of practical utility : 

The form of the eccentric rod should be thus : 
a rod should be keyed or bolted centrally in, or 
to the eccentric band, as for marine or high pres- 
sure engines, the eccentric bolts being prolonged 
as stays, and secured to ij^/d rod at the valve end 
by bolts and nuts, or rivets. 

The area of the eccentric rod at shaft end = area 

of valve X 1.2. 
Area at valve end = area of valve rod. 
Increase of diameter at centre = ^ y per foot of 

length. 
Diameter of eccentric bolts at centre, used as 

stayd = diameter of valve rod. 

Where two valves are used, as in high and low 
pressure engines combined, the united areas of 
the valve's rods must be observed. 

When mitre gear, cams, etc., are used to impart 
motion, to the valves, originating from the crank 
shaft, a mitre wheel is keyed on it^ working its 
companion keyed on a weigh shaft, the latter 
being either horizontally, or at an angle to suit 
the position of the cam shaft, on which is also 
keyed a second set of mitre gear. 
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Diameter of gear shaft = diameter of cam shaft x 

1.3 to 1.2, according to its length. 
Pitch of mitre gear = | inch per foot of diameter 

of pitch line. 

As the mitre wheel on the crank shaft is usually 
in halves; the connection will determine its diam- 
eter. 

The cam shaft mitre gear should be as small as 
praxjtical, as it is usually boxed or cased. 



Fly Wheel. 

This wheel in beam engines being large and 
heavy, for practicability in moulding, and cast- 
ing, the rim is in segments, the centre and arms 
separate, connected by bolts and nuts, and ad- 
justed by keys. 

Diameter of wheel = stroke of engine x 8. to 2.6. 

Weight of rim (cwts.) = power of engine x 2 to 8. 

-^ , ^ . radius of rim 

Depth of nm = — 5-- — 777 — 

'^ 8 to 10 

Number of arms = 6 to 8. 

- . - « , area of rim 
Sectional area of each arm = 5 

Width of arms at rim = depth of rim x .7 to .8. 
Taper of arms = } to f of an inch per foot of 

length. 

diameter of wheel 
Diameter of centre = = 
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Diameter of arm bolts = -^ to tV of an inch per 

fcvot of diameter of rim. 
Width of keys = bolt's diameter x .4, 
Thickness of boss of centre = diameter of shaft 

X .4. 
Length of *boss = diameter of shaft x 1.75. 

thickness of boss 
Thickness of body of centre = « 

Thickness of ribs = thickness of body x .75. 

Wrought iron rings should be shrunk on the 

extremities of the boss so as to strengthen it. 

^, . , « . thickness of boss 

Thickness of nng= ^ 

o 

Width of ring = thickness x 2. 

Cubic contents of condenser = 

cubic contents of cylinder 

6 to 7 
Cubic contents of air pump, single acting = 
cubic contents of cylinder 

Cubic contents of feed pump = as for high pres- 
sure engines. 

T^' J, n ' , diameter of pump 

Diameter of air pump rod = ^z j~- — - 

^ 6 to 8 

Diameter, of feed pump rod = 

diameter of pump plunger 
2 to 8 
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MARINE SCREW ENGINES. 

Marine engineering has become a world of it- 
self in a professional sense of the term, for as wo 
advance in science and art, rapid improvement 
takes place. To the uninitiated it may perhaps 
seem but slow, the alteration being only in detail, 
which, practically, is the most essential to eradi- 
cate the evil from the whole. England and Scot- 
land have produced the best marine engines in 
the world, each maker or firm of course having 
his or their particular design, class, etc., etc. Scot- 
land produces fine specimens of engines, combine 
ing strength and utility, but not equal on the 
whole to England. The London engineers are 
undoubtedly the ne ^lua uUra, in every sense of 
the word, relative to marine engines. First on 
the list stAnd Messrs. Penn, for their well known 
double trunk engine, beautiful in design and pro- 
portion, but perhaps to the eye light or scanty in 
material, showing evidently that this firm care- 
fully calculate the required strength of each de- 
tail to the most minute exactitude. One observa- 
tion must be added, Messrs. Penn's engines are 
models for the most competent and conversant to 
dwell on. 

The next great firm is the Messrs. Maudslay; 
their class of engines are, generally, the usual 
double piston rod, return connecting rod, with two 
slide valves, and casings to each cylinder. In de- 
sign the Messrs. Maudslay are certainly faultles£f, 
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but a doubt has often arisen in the mind of the 
author whether the proportions by this talented 
firm are not too heavy — ^a fault certainly on the 
right side. This firm has lately produced a new 
arrangement of engines, and valve gear, having 
three cylinders instead of two, thereby equalizing 
the reciprocity of the action of the pistons. 

Attention is now directed to a firm of high 
standing arid good repute, none producing better 
arranged or proportioned engines than Messrs. 
Eavenhill, Salkeld, and Co., they being the origi- 
nators of the double piston rod return connecting 
rod arrangement, and well and truly have they 
adhered to the task they undertook — ^viz., to pro- 
duce a first class example in the fullest sense of 
the word. ' • 

Messrs. Humphrey, Tennant, and Co. produced 
at the great exhibition (1862) a splendid example 
of engines, adapted for the screw, of the single 
piston rod type, direct acting. This arrangement 
is certainly worthy of attention from all who are 
interested — viz. for the single piston rod, guide, 
solid link, and short connecting rod of splendid, 
proportion, combining faultless design, with the 
position of the suction arii delivery valves, in the 
condenser and air pump, the whole worthy of 
copying, but query if to be improved on. Last, 
but not least, the engines produced by the Messrs. 
Sennie, of the single trunk kind, having a con- 
necting rod on the same crank to work a single 
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trunk plunger for the air pump, single acting; the 
cylinders are not side by side, as arranged by 
other makers, but opposite each other, with the 
condenser and air pump, the latter being worked 
by the opposite engine. Such arrangement is, of 
course, a great saving of room, a great desideratum 
in steam-ships. This firm shows great perception 
and care, in their design and proportion, being 
both a credit to the age we live in. 
. The author may be excused for mentioning his 
invention — viz., the anti-friction trunk engine — 
Burgh and Cowan's patent. This engine occupies 
less space at a given hor«e power, than any direct 
acting engine universally used, combining econ- 
omy and durability, by the means of bringing the 
centre of the connecting rod in the centre of the 
piston, vertically, and horizontally, also non-expo- 
sure and friction of the trunks, and no loss of area 
in the .cylinder, attainments never before accom- 
plished, thus dispensing with an immense weight 
and cost of machinery. 

The rules for the marine engine will now be 
fully elucidated in the most practical form. Sin- 
gular as it may appeai^J)ut true it i3, that each 
maket differs in the area, of their cylinders at a 
given nominal power. The Admiralty rule de- 
mands the speed of the piston in their formula ; 
consequently, the higher the speed determined and 
agreed on, the smaller the diameter of the cylin- 
der. The author has carefully compiled the fol- 
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lowing table, being the average results produced 
by the leading firms, amalgamated with his own 
experience in this branch of the profession: 



Nominal HP 


Square inches per HP. 


20 to 40»20 


to 


18:5 \ 


50 " 100=18 


it 


1? I 


160 " 200=16.6 


41 


16 y°' 


260 " 300 = 16,72 


<< 


15.3 {'^ 


460. " 600 = 14 


<< 


13.5 ) 



Batio of length of stroke to diameter of cylinder : 

In small engines from 50 HP to 200 HP coUec- 

. , , . diameter of cylinder 
tively, the ratio = 1,4 ^^ i^g 

Engines from 250 HP to 450 HP collectively = 

diameter of cylinder 
. 1.65 to 1.78 
Engines from 500 HP to 900 HP collectively = 

diameter of cylinder 

1.8 to 1.87 

Engines from 1000 HP to 1500 HP collectively = 

diameter of cylinder 
1.93 to 2. 

These proportions will produce the desideratum 
at the length of stroke usually adopted. See 
Table below : , 



Nominal HP 
coIleotiYely. 




Diameter of 
eaok- cylinder. 




Xiength of 
stroke, 
ft. in. 




Divisor. 


^ 


60 


• • • 


26^ 


• • • 


1 6 


••• 


1.472 




100 


• . • 


38 


••• 


2 


• . • 


1.683 




200 


•• • 


46f 


• • • 


2 6 


«•• 


1.664 
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Nominal HP 


Dtamttorof 


Length of 




collectiTeljr. 


•ftch cjllodtf. 


■troko 
ft. In. 


DlTlwr. 


300 


68 


2 9.. 


1.157 


400 * . 


64 


8 «. 


. 1.77T 


500 


.. 70} .., 


8 3.. 


. 1.814 


600 


.. ni .., 


8 6.. 


. 1.821 


800 


.. 84i ... 


8 9-.. 


1.875 


1000 


92} 


4 0.. 


1.932 



CYLIin)EB. 

Thickness of metal of cylinder : 



HP of one 
cylinder. 

30 

50 
100 
150 
200 
^50 
300 
400 
500 



Diameter. 

26i 

38 

46f 

58 

64 

70} 

76i 

84^ 

92} 



Thiekaeei, 

I 

i 

1 

H 

If 
li 
1} 



add } for re- 
boring. 



Thickness- of metal of steam passages = thickness 
of body X. 6 to .8. Use the latter in small 
engines. * 

Thickness of flanges = thickness of the body. 

Diameter of flange studs = 1 to IJ inch. 

Pitch of bolts. See Miscellaneous. 

Thickness of cover = thickness of metal of steam 
passage. 
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Thickness of ribs = thickness of cover x .8 to .7. 
Diameter of man hole = 16 inches as a maximum. 
Area of port supply for slide valve = 1 taf 'of a 

squSire inch per HP nominal. 
Length = diameter of cylinder x .7 to .6. 

area 

Width = T nr 

length 

Width of bar = outside lap of slide valve + inside 

lap + width of port supply. 

Exhaust port width = width of supply port x 1.5. 



Common Slide Valve. 

Outside lap = width of supply port X .6. 

^ . _ , outside lap 
Inside lap = ^ 

In cases where the stroke of the valve admits 
the steam at a lesser area than it exhausts &09 
the same port into the condenser, the following 
must be observed: 

Area of opening, or travel of valve from edge of 

port = 1 to } of an inch per HP. 
Area of port = area of opening x 1.5 
Area of exhaust = area of port x 1.5. 
Width of bar in cylinder = width of outside lap, 

minus inside lap + width of supply port. 

Outside lap = width of opening x .6, 

^ . _ _ outside lap 
Inside lap = ^ 
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In order to xedace the friction as much as pos- 
sible, narrow bars are used in the cylinder, both 
for the common, and equilibrium valves. The 
following will enable the most practical prppor- 
tions to be obtained: 

COHKON SLIDE. 

Width of bar = width of port x .5, but one inch 

as a minimum. 
Lap of valves as before given. 
Width of exhaust space in valve = width of port 

supply X 1.5+ half the travel of the valve + 

width of bar, minus inside lap. 
Width of exhaust port in cylinder = width of 

bars, minus inside laps, ^ deducted firom the 

width of exhaust space in valve. 



Exhaust Eeliep Slide Valve. 

This valve allows the steam to exhaust a greater 
area than that of the supply. 

Width of bar = width of opening x .5, but one 

inch as a minimum. 
Width of exhaust space in valve = width of port 

X 1.5+half the travel of the valve + width of 

bar, minus inside lap. 
Width of exhaust port in cylinder = width of 

bars, minus inside laps, deducted from the 

width of exhaust space in valve. 
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Equilibrium Slide Valve. 

This valve is adopted in large engines for two 
reasons : firstly, to reduce the stroke, thereby the 
friction; secondly, to neutralize the pressure of 
the steam acting on the valve. These valves have- 
double ports for supply, and single for exhaust, 
corresponding ports being .cast in the cylinder. 
When the valve travels the width of the port, the 
proportions will be thus: 

COMMON equilibrium SLIDE. 

Lap of valve ag before given. 

Small bar = width of bar as before. 

Width of exhaust space in valve = width of 2 

ports' supply X 1.5+ half travel of the valve + 

width of small bar, minus inside lap. 
Width of large bar = outside lap + width of port 

+ width of small bar + half travel of the valve. 
Width of exhaust port in cylinder = width of 

bars, minus inside laps, deducted from the 

width of exhaust space in valve. 



Exhaust ^Ielief Equilibrium Slide Valve. 

Laps as before given. 

Width of exhaust space in valve = width of 2 
ports' supply X 1.5+half travel of the valve + 
width of small bar; minus inside lap. 

Width of ismall bar = width of port supply x .5 
but one inch as a minimum. 
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WMth of exhaust port in cylinder = width of 

small bar; minus inside laps, deducted from the 

width of exhaust space in valve. 
"Width of large bar in cylinder = outside lap + 

width of opening caused by valve +inidth of 

small bar + half travel of valve. 
Half travel of valve = width of opening or port 

+ outside lap. 

^^. -,, An , 1 half travel of valve 
Width of mce beyond port = x 

Thickness of body of valves = | to | of an inch. 

Eibs should be cast in valveg, exceeding 12 

inches in length. 
Space between ribs (maximum) = 12 inches. 
Space between ribs (minimum) = 6 inches. 
Thickness of ribs = thickness of body x .8 to .7. 
Thickness of flange of valve = thickness of body 

X 1.25 to 1. 
Diameter of valve rod = diameter of piston rod 

X.4. 

Position of the valve rod should be in the cen- 
tre of the valve (front and plan). 

Width of guide of valve in casing = f to 1 J inch 

The means for ensuring the slide valve's work- 
ing against the facing on the cylinder are numer- 
ous. In small valves, springs are used, 8, to 4, 
branches equidistant, secured in the centre- by one 
or two studs, I to 1 J inchbs diameter in valves, for 
engines to 60 HP, collectively ; above this power 
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the means adopted are as follows : The sides of 
the valve are raised either square and plained, or 
circular and turned above the top of the metal of 
steam passage, cased with a brass bush ; a sliding 
ring offcast iron or gun metal embraces either 
the round or square part of the valve, as the case 
may be. This ring is recessed within another 
packed with a gasket, which ring is raised or low- 
ered by set screws, or studs, screwed into gun 
metal blocks, dovetailed in the body of the slide 
valve. These studs are prevented from unscrew- 
ing or becoming loose by a small ratchet pinion 
cast with the stud, having a spring secured to the 
slide valve ; the spring also acts as an indicator 
of revolutions, so that the studs may be equally 
screwed when the compression of the packing is 
required; a communication with the condenser to 
the back of the slide valve prevents an excess pf 
pressure. 

Width of sUde ring = diameter of valve rod x .7 

to .6. 
TJiickness of slide ring = width x .8 to .7. 
Thickness of packing ring at sides under recess = 
thickness of the sliding ring 
2 to 3 
Depth of recess in packing ring = width of the 

slide ring. 
Diameter of set studs = width of slide ring x .6. 

In square packing slide rings, the studs should 



I 

I 
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be arranged 2 at the ends, and from 2 to 4 at the 
sides, care being taken that the studs at the angles 
of the slide valve be equidistant. In round slide 
rings they are divided into 6 or 8 parts to equal 
the number of studs. In most cases the pitch of 
the studs = diameter of studx 14 to 16. 

The author recommends steam as the best means 
to cause the slide valve to retain its position 
against the face of the cylinder without undue 
pressure, thus: the steam acts against two flat 
sliding pieces of gun metal introduced or recessed 
in the cover of the casing, provisions being cast 
thereon to receive the same. On the back of the 
slide projections are cast to correspond with the 
pieces alluded to ; the cover of the casing has a 
communication from one recess to the other, the 
steam being admitted from' the slide casing by a 
cock, another being in the lower recess to let off 
the condensed steam. When starting the engine^ 
the supply and discharge cocks should both be 
open ; on the latter being closed, the former will 
regulate the pressure on the valve with the most 
minute exactitude. 



Valve Casing. 

Thickness = the thickness of the body of the cyl- 
inder X .75 to .6. 
Diameter of bolts or studs = f to | of an inch. 
Pitch of bolts. See Miscellaneous. 
6 
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Thickness of flanges = thickness of body x 1.12. 
Thickness of cover of casing = thickness of body. 

The flanges of the casing should be ribbed be- 
tween each stud or bolt. 

The cover of the casing should be ribbed hori- 
zontally and vertically. 

The area between the ribs should never exceed 
1 square foot per 20 lbs. of steam per square inch 
on the piston. 

Thickness of the ribs of flanges = thickness of 

the body of casing. 
Thickness of the ribs of cover = thickness of the 

body of the casing x .8 to .7. 
Depth of the ribs of cover = 3 to 5 inches. 
Diameter of securing studs of cover = thickness 

of cover. 



Piston. 

The best mode of rendering the piston steam 
tight is by metallic means — viz., by a ring of cast 
iron as a spring, the external periphery of which 
coincides with the internal of that of the cylin- 
der, the ring being of uneven thickness, and di- 
vided at the thinnest part at an angle of 45°, 
having a tongue or piece of gun metal dovetailed 
in its centre, so as to prevent the steam from pass- 
ing through the division; the ring is rendered 
effective by a packing of gasket, which is com- ? 
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pressed by a face ring and studs; in. some cases 
a separate ring with separate studs. Each of the 
studs should be prevented from unscrewing by a 
rachet forged on the stud, having a spring secured 
to the face ring of the piston. 



BULES. 

_ - - - . diameter of cylinder 
Depth of the piston = ^-- — ^^ * 

Thickness of body = thickness of cylinderx.8. 

to .7. 
Thickness of metal around rods = thickness of 

body X 2. 
Thickneiis of ring opposite slit = thickness of 

body. 
Thickness of ring at slit = thickness of body x .6 

to .7. 
Taper of ring spring internally = 2 inches per 

foot. 
Width of packing ring = thickness of spring ring 

at slitx 2. 
Diameter of packing ring studs = | to J of an 

inch. 
Diameter of face ring studs = f to 1 inch. 
Width of face ring = diameter of studs x 1.8. 
Thickness of face ring = thickness of body. This 

ring is recessed to receive the heads of the 

packing ring and securing studs. 
Position of stud blocks = centre of depth of 

piston. 
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Thiokness of blocks = diameter of stud. 

Side of square of block = diameter of stud x 1.8. 

Proportion of valve rod stuflBlng box = as for 

piston rod, with the exception of studs, which 

in this case = diameter of rod x .88 to .3. 

•^. ,, ,. ,^v diameter of cylinder 

Piston rod's dia. (2) = ttt-tt 

^- 9 to 11 

Diameter of stuffing box = diameter of rodx 1.6. 

Depth of stuffing box = diameter of stuffing box 

X .6 to .5. 
Depth of gland = depth of stuffing box x. 75 to 

.6. 

Beyond the gland or cast with the bush should 
be an oil chamber. 

Diameter of oil chamber internal = diameter of 

gland. 
Depth of oil chamber = diameter of piston rod x 
.25 to .3. 
, Thickness of metal of oil chamber = J to f of an 
inch. 
Depth of stuffing box beyond oil chamber = from 

1 to 2 inches. 
Diameter of gland is as large as the external 

diameter of the oil chamber will admit of. 
Diameter of ^tuds for main gland (8 to 4) = 

diameter of piston rod 
4to6 
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Condenser. 

Cubic contents for one cylinder = 

cubic contents of cylinder 

6 to 7 

For two cylinders = 

cubic contents of cylinder x 1.5 
6to7 
Thickiless of body = f to If of an inch, being 

ribbed, and in some cases stayed for large 

engines. 
Thickness of securing flanges = thickness of 

bodyx 1.25. 
Thickness of doors = thickness of body x .8 to .7. 
Diameter of securing studs = thickness of metal 

of doors. 



Air Pumps. 

Cubic contents, double acting = 

cubic contents of cylinder 
10. to 12. 
Cubic contents, single acting = 

cubic contents of cylinder 
6. to 7^ ' 
Stroke of pump = stroke of engine. 
Area of valves = area of pump x .75 to .8. 



Valves. 
These valves are discs- of vulcanized IncGa- 
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rubber; the average diameter is about 6 to 7 
inches, but it should never exceed 9 inches. 

Thickness of valve = J to f of an inch. 

Lap of valve = thickness x .5. 

r-.n, « 1 diameter 
Lift of valve = — :: 



Valve Seating. 

Thickness of flange = thickness of valvex.8 to 

.75. 
Diameter of securing studs = thickness of valve. 
Pitch of studs = diameter of studx .8 to .7. 
Area of each small opening in seatings should 

never exceed 2 square inches. 
Thickness of ribs = J of an inch per square inch 

of opening. 
Depth of ribs = J of an inch per inch of extreme 

diameter of opening. 
Diameter of securing bolts for guard = j^ to J of 

an inch per inch of valve's diameter. 
Diameter of securing bolt boss in seating = 

diameter of stud + twice the lap of valve. 
Eadius of curve of guard = diameter of valve x 

.6 to .5, but in some cases the guard is angular. 
Thickness of guard = J to J of an inch. 
An approximate mode to obtain the effective 

area of the openings in one valve seating = 

area of the diameter of the opening x .5 to .6, 

the latter being for diameters from 5 to 7 

inches. 
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Total area of diameter of openings 

effective area 
.5 to .6 

The arrangement of the valve Beatings is 
various. In some cases one valve plate, con- 
taining one set of valves, is used, but the prefer- 
able plan is to make each valve seating separately, 
secured by 4 separate Qtuds, or by the guard bolt, 
with a cross bar on the opposite side of the metal 
of the condenser; the diameter of th^bolt would 
have to be increased, say 1| times of the bolt's 
diameter when securing the guard only. The 
gain by having each valve seat separately is a 
saving of patterns, and ensuring a more perfect 
joint in relation to the connection of the air pump 
and condenser. The positions of the suction and 
discharge valves are various ; the most modem 
and practically correct arrangements are thus: 
The suction valves are inverted in* the bottom of 
the condenser, so as to effectually drain the same ; 
the discharge valves are on the same level, but not 
inverted ; longitudinally, the valves are arranged 
the whole length of the condenser, transversely, 
being two to three in number. In the case of the 
discharge valves, there is generally an increase of 
one valve in number with valves of the same 
diameter as the suction, but a better plan is to in- 
crease the area slightly for the discharge valves, 
and retain the same number as for the suction. 

As air ascends in water when the latter is com- 
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pressed, the author has devised an arrangement 
of valves to allow the air to ascend, and the water 
(assisted by its gravity) to descend. The follow- 
ing description will enable the interested readers 
to practically understand the desideratum ob- 
tained. ^ The suction and discharge valves are in- 
verted, the former over the air pump, and the 
latter under ; over the air pump at each end there 
are two air valves, reverse in action, but the same 
in principle^ all the others, for example, when the 
air pump is discharging itself, the air valves open 
upwards whereas the discharge valves open down- 
wards, but both effectually cause a vacuum in the 
air pump, immediately the return or reverse 
action takes place. By this arrangement, the con- 
denser, the air pump, and valves occupy le3S 
space than any other yet introduced ; this is illus- 
trated in general arrangement and detail in the 
author's practical illustration. 

Area for exhaust steam pip^ for 2 cylinders = 
area of exhaust port from one cylinder x 1.5 as 
a maximum, 1.25 as a minimum. 

Area of injection (sea-water) for 2 cylinders = 
cubic contents of one cylinder in feetx 1.5 as a 
minimum, 2 as a maximum x the pressure of 
steam per square inch used as decimals. 

The bilge injection is used only when the sea 
injection pipe or valve is disarranged. The area 
of the bilge injection is usually smaller than that 
from the sea. 
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Air pump lining is usually of gun metal; se- 
cured either by a flange^ with studs, or a packing 
provision cast in the condenser; in some cases 
studs of gun metal | inch in diameter are re- 
cessed in the lining, and tapped into the con- 
denser ; by this means the flanges and packing are 
dispensed with. 

Thickness of lining = ^ to | an inch, with pro- 
visions for turning and fitting. 

Air pump piston, or plunger, is entirely of gun 
metal with metallic packing rings and studs, as for 
the steam piston. 

Depth of piston = diameter X .8 to .2. 
Thickness of metal of body = } to | inch. 
Thickness of ribs 4 to 6 = thickness of bodyx 

.7 to .6. 

^. ^ . , diameter of piston 

Diameter of air pump rod = 5— — =-^ 

^ ^ 6 to 7. 

Proportions of stuffing box as for piston rod 

Area of exhaust (water) for 2 air pumps = total 

area of one set of valves for one air pumpx 

1.5. 
Area of snifting valve = 1 to f of a square inch 

per foot of cubical contents of condenser. 



Injection Valve. 

This valve regulates the water from the sea, or 
bilge Kingston valves. The injection valve ^d 
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casing are made entirely of gun metal, the valve 

and seat are of a gridiron shape, with 3 or 4 

openings. 

Length of openings = diameter of pipe. 

. area of one opening 
Width of each opemng = = — ~-~ ° 

Thickness of metal of body = J to f of an inch. 
Thickness of flanges = thickness of bodyx 1.125. 
Diameter of valve rod = ^z to } of an inch per 

inch of diameter of pipe. 
Diameter of studs = ^ to f of an inch. 



Feed Pump.. 

This pump, as in the case of high-pressure 
engines, is subservient to the pressure of the 
steam and cubic contents of the cylinder. The 
leiigth of the stroke of pump is, in direct acting, 
trunk, and return connecting rod, engines, equal to 
the stroke of the engine. 

Cubic contents of pump in inches = cubic con- 
tents of cylinder + cubic contents of one^team 
passage in feetx 3 times the number of cubic 
inches of water to produce one cubic foot of 

* steam. See Table below. 



FresBnre of Steam per 




'WWW 

Cubic inches of Water to 


eqaare inch 




1 cubic foot of Bteam. 

• 


10 


... 


1.1 


. 15 


•••» 


2.0 


20 


..•' 


2.3 


25 


.• • 


2.6 
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Pressare of Steam p«r 
square inch. 


Cnbic inehet of Wat^r 
1 cable foot of Steam. 


30 ... • 


2.9 


35 


3.2 


40 


3.5 


45 


3.8 


50 


4.0 


60 


4.6 


TO 


5.1 


80 


5.65 


90 


6.2 


100 


6.68 


^ _ cubic contents of pump 



^ ° stroke 

^ _ diameter 

Thickness of plunger = ^ q 

_ area of plunger 
Area of pump rod = j 

Area of a feed valve = area of plunger x .8. 

The valves for the feed pump are as for the air 
pump, one only being used for suction and one for 
discharge. 



Guide Block. 

This block is of various forms, each maker of 
course being ready to assert his own as the best. 
The following is a synopsis of some of those at 
present used : First, the connecting rod is a single 
end, with a cross head connected to the piston. 



72 buegh's pRAcnoAi; rules for 

rods, having brass blocks secured on the cross 
head on both sides of the connecting rod, or be- 
tween the connecting and piston rods ; the guides 
are of cast iron, secured at each end by bolts and 
nuts. Such a system, or rather arrangement, 
however,^ owes its origin to the antique high 
pressure engine, with its long cross head, and 
double instead of single end connecting rod. The 
next in use is the same kind of cross head, secured 
in a block of cast iron, but in small engines, of 
brass or wrought iron, the underside of this block 
is of a dovetailed form in section, and works in a 
channel on the air pump casing, or a framing 
cast separately and secured to it. The last and 
best is that improved arrangement known by the 
name of the T guide block, secured by bolts and 
nuts to the cross head at its back, to which cross 
head the piston rods are secured in the usual 
manner; the connecting rod is forked, with the 
connecting pin riveted in it ; the block is either in 
halves perpendicularly, or solid at the back, with 
the front part loose between the securing bolts ; 
the T or guide part is cast with the upper, having 
a separate bottom, designated the shoe, which has 
a taper in its connection, so that adjustment by 
studs is attainable without disarrangement. 



CoMMOir Guide Blocks. 



, stroke of engine 
Length = 3toT— 
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-Width = ^ . 

2 to 8 
Thickness of metal over and under cross head = 
diameter or width of cross head 

4 to 5 
Thickness of body of top part of guide = f to 1 J 

inch. 
Thickness of ribs = thickness of bodjx .8 to .7. 
Diameter of securing bolts at each end (2) = 
thickness of body. 



T Guide Block and Cross Head. 

Area of guide = area of cylinder in square inches 

X pressure 
of steam in lbs. per sq. inch on piston as decimals 

ratio of connecting rod to stroke 
Length of guide = stroke x .6. 

-r. .-11 /. .-1 area of guide 
Bottom width of guide = — = — ~- 

Thickness of guide = J— ^ but the minimum 

thickness = 1 J inch. 

m 'A^i. 4^ 'A bo ttom widt h 
Top width of guide = ^TTJ, 

, . , , area of piston rod 
Area of each securing bolt = ^ 

d lamet e r 
Thickness of metal around bolt= — 



8 
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Diameter of bolt head = bolt x 1.5. 

_- . - ^ - , diameter of bolt 
Thickness of head = 

IMameter of pin = diameter of piston rod x 1.25, 

Diameter of bearing = diameter of pin. 

Length of bearing = diameter of bearing x 1.25. 

beannsr 8 diam6ljpi' 

Thickness of metal (back) = ^— ^ 

o 

Thickness of metal (fiont) = thickness of back 

X.6. 

--, . , n . ,. thickness of back 
Thickness of projection = 



Diameter of set screw of shoe = 



2 
width of guide 



10 

r^ . ^ „ bearing's diameter 
Thickness of cap = -^ ^-^ 

Width of cap = size of nut across the angles x'1.1. 
Sectional area of crosia head = area of piston rod 

xl.5. 
Width = diameter of head of bolt, or width of 

cap. 

^ ._ ^ ,. ^ diameter of bolt 
Thickness of clip of cap = -r 7 



Guide Frame. 

This frame is either cast on the condenser or 
separately, and secured by bolts and nuts. When 
for single piston rod engines, the guide frame is 
secured in front of the cylinder, to each of the 
main frames of crank shaft ; the top parjt of the 
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guide channel is generally cast separately, des- 
ignated the flange, and secured by bolts and nuts 
to the lower part. 

Thickness of flange = depth of channel x .8 to .7. 
Thickness of bottom of channel = thickness of 

flange. 
Diameter of flange securing bolts = thickness of 

flange X .8 to .7. 
Pitch of bolts = diameter of bolts x 10. 
Thickness of metal of body and ribs = f to 1 J of 

an inch. 
Width and depth of ribs = thickness x .7 to. 6. 
Thickness of flanges = thickness of ribsx 1.26. 
Diameter of securing studs or bolts = thickness 

of flanges. 

When the feed and bilge pumps are cast with 
this frame, the proportions will be as follows : 

Diameter of barrel = diameter of plunger +f to 
one inch. 

Thickness of barrel of pump= J inch as a mini- 
mum for 1 J inch diameter, above this ^ of an 
inch per inch of internal diameter. 

Depth of stuffing box = diameter of plunger. 

Depth of gland = depth of stuffing box X .76. 

Diameter of stuffing box = diameter of plunger 
X 1.375 to 1.3. 

Thickness of metal of stuffing box = thickness of 

gland. 

_ . /, , , 1 T diameter of plunger 
Diameter of gland bolts = 7 
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Thickness of flange of gland = diameter of bolt. 
Proportions for plunger rod stuffing box = that 
for air pump rod. 



Connecting Eod. 

This rod is of two kinds, double or forked at 
the cross head end, the crank end, with solid head 
in halves, apd hexagonal brasses secured by bolts 
and nuts ; the other kind being a single T at each 
end, with the flat brasses and caps secured by bolts 
and nuts. The proportions of the former or double 
end connecting rod will be as follows : 

Length = stroke x 2.5 to 3. 

^ , - piston rod area 
Cap bolt area = ^ 

Diameter at guide end = diameter of piston rod. 
Diameter at crank end = diameter of piston rod 

X 1.25. 
Diameter at centre of turned part = J inch per 

foot of length + diameter at crank end. 
Diameter of guide block pin == diameter of piston 

rod X 1.25. 
Area of each fork = area of piston rod x .75. 
Width of each fork = diame^r of piston rodx 

1.25. 

Thickness of each fork =^ —r^-r 

width 

Space between forks = diameter of pin x 1.25. 
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Diameter of eye = 

diameter of pinx 2+ pin's diameter 

3 
Width of eye = thickness of fork x 1.5. 
Length of fork from centre of eye =5= pin's diameter 

x2. 

^ . _ ^ , diameter of bearing 
Thickness of brass = —. -x 

^, . , ^ - diameter of bearing 
Thickness of caps = r^ ^ 

Diameter of head of bolt = diameter x 1.5. 

_, . , diameter 
Thickness = k 



Single Ends Connecting Bod. 

Diameter of cross head = diameter of piston rod 

xl.4. 
Space between brasses and side of securing bolts 

= i to J of an inch. 

The remaining proportions are as those already 
given. 



Slide Valve. Link Motion. 

. The principal part in this motion is the link, 
it being generally slotted or hollow, as for loco- 
motive engines. ^ • 

Area of slide block pin == area of valve rodx 
1.25. 



^ 
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Sectional area of each bar of link (square) = area 
. of valve rod X 2. 

Thickness of block beyond pin's diameter = 

pin's diameter 

5 to 7 

^, . _ - _ /. , , , pin's diameter 

Thickness of flanges of block = - — srr~Q 

I to y 

Length of sliding block == diameter of pin x 2.5. 

Distance between centres of eccentric rod's pins =r 

stroke of slide valve x 2.5 to 3. 
Area of eccentric pin = area of slide valve rod x 

1. to .875. 
Area of eccentric rod. at centre = area of slide 

valve rod. 
Width of eccentric rod at link end = diameter of 

pinx 1.25. 
Taper of eccentric rod = J to f inch per foot in 

length. 
Area of securing bolts to eccentric band = area 

of valve rodx .7 to .6. 
Thickness of T head = diameter of securing 

bolts. 



Solid Link. 

This link is an improvement on the slotted 
or hollow link; being solid it is of course much 
stronger, and consequently of less area than the 
usual kind. 

Area of solid link = area of slide valve rod x 2.7 
to 2.5. 
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Thickness of link = diameter of valve rodx 
1.25. 

The author has designed a solid link and block, 
which allows the centre of the eccentric rod to 
be in the centre of the valve rod horizontally and 
vertically ; thus, the link is double or slotted at 
the ends, so as to allow the eccentric rod to be 
inserted in it, instead of clasping it as usual ; the 
pins are riveted in the link, so that the sur&ce is 
unbroken throughout ; the link works in a block 
of gun metal, which oscillates, or vibrates, on pro- 
jections cast on both sides; these projections 
work in the valve rod, which is so formed with 
bushes to receive the projections on the block; 
one part of the valve rod is secured by studs, so 
that the block can be fitted, and replaced by a new 
one when worn. This arrangement is shown in 
the author's practical illustrations. The following 
are the proportions of the block and provision on 
valve rod. 

Length of sliding block = width of link x 1.5. 
Thickness of block, front, back, and sides = width 

of link X .3 to .2. 
Diameter of projections = diameter of valve rod. 
Length of projection = diameter of projection x 

.7 to .6. 
Width of portion secured to valve rod = diameter 

of projection X 2. 
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Diameter of securing studs (3) = 

diameter of slide valve rod 
2 to3 



Eccentric, Bands, Eods, Bolts, etc. 

Diameter of valve rod ^diameter of piston rodx 

.4. 
Area of solid link pin = area of valve rod x ..7 to 

.8. 
Area of band bolts = area of pin x .75. 
Width of band = nut across angles x 1.03. 
Thickness of boss of eccentric == 

diameter of crank shaft 

6 to 8 

Thickness of rim and arms = thickness of boss X 

.75. 

, _ rim thickness 
Depth of recess = . , ^ 

Width of rim, arms, and boss = depth of recess x 

2+ width of band. 
Thickness of band, wrought iron = diameter of 

bolts X .6, gun metal x .76. 
Thickness of internal brass hoop = thickness of 

band x .2. 
Width of projection = width of band x .4. 
Diameter of eye of rod = that of pin x 2. 
Width of eye = width of solid link x .5. 
Area of eccentric rod at eye =: area of valve rod 

X.8. 
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Width of rod = diameter of pinx 1.8. 

Taper = J inch per foot. 

area 
Thickness at eye = ., , 

•^ width 

Thickness at band = thickness at eye x 1.5. « 

Thickness of bolt flange = diameter of bolts. 



Crank and Shaft. 

J)ianleter of shaft at bearing = diameter of piston 
rodx2. 

Diameter of shaft beyond bearing = diameter of 
bearing X 1.125 to 1.11. 

Length of bearing = diameter of bearing x 2. 

Diameter of crank pin = diameter of bearing of 
shaft. 

Length of crank pin = diameter of pin x .75. 

Area of .each crank at centre = area of bearing x 
.75. 

Width of crank = diameter of shaft beyond bear- 
ing. 

area 
Thickness of crank = .•,,■■ 

widtn . 

Taper of sides of crank = f to 1 inch per foot. 



Main Frame. 

This frame supports the crank shaft, and retains 
the rigidity of the cylinder, longitudinally of the 
engine, but transversely of the ship, The frame 



82 burgh's practical rules fob 

is of cast iron ; the form in general is as an A 
laid on its side, the double end being secured to 
the cylinder, and the outer end receiving the 
crank shaft. Some makers cast their frame 
hollow below the centre line of the shaft, the part 
above the shaft being strengthened by a wrought 
iron stay, secured by bolts and nuts to a pro- 
vision, cast on the cylinder. This seems to be the 
preferable plan, both as to symmetry and strength. 
The proportions will be as follows for brasses, bolt^ 
and frames : 

Thickness of brasses between flanges = 

bearing's diameter 
» 8. to 10. 
Length between flanges of brass = total length of 

brass x .7 to .6. 
Thickness of flange = thickness of brass between 

flanges X .7 to .8. 
Thickness of brass at ends = thickness of flanges. 
Diameter of securing bolts for cap (2) =-diameter 

of those for crank end of connecting rod. 
Space between bearing and side of bolt = J to J 

of an inch. 
Width of bolt keys = diameter of bolt. 

_, , , bolt's diameter 

Thickness = — -. — i 

4 

Diameter of stay = diameter of securing bolt. 

Thickness of securing head = diameter of stay 

X.5. 
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Area of one sectiring bolt for stay = 

area of stay 

number of bolts 

Thickness of cap, cast iron = diameter of shaft's 

bearing X. 5. 
Thickness of cap, wrought iron = diameter of 

shaft's bearing X .4. 
Thickness of metal of framing beyond bearing = 

diameter of bearing x .5. 
JThickness of metal around securing cap bolts == 

diameter of boltx .5. 
Thickness of metal of framing = that of the body 

of the cylinder. 
Depth and vridth of ribs = thickness of ribs x 4 

to 8. 
Thickness of bottom flange = thickness of ribsx 

1.5 to 1.3. 
Width of bottom flange = diameter of bearing of 

shaft. 
Diameter of securing bolts or coach screws =i 

diameter of securing cap boltx .5. 
Pitch of flange securing bolts = diameter of bolts 

x9. 



Thrust Block and Scbbw Shaft. 

This shaft has a series of rings forged on it to 
resist the pressure or resistance caused by tho 
screw; for example, if a common screw be in- 
serted in a piece of wood, and the screw turned 
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(provided the wood is secured rigidly on all 
sides), it will enter, and the head approach to the 
wood ; but should the wood be secured only, so 
as to be prevented from turning, but allowed to 
slide, on the screw being turned it will still enter, 
but the wood will approach the head. So in like 
manner, the crank shaft having a screw on its ex- 
tremity, the water acts as the rigid wood ; hence 
the propulsion of the ship and thrust on the shaft. 
A series of rings on the shaft, as before stated, 
diffuse the friction, each ring taking its share^ but 
a doubt arises whether the ring nearest the screw 
does not receive the major part 6i the thrust. 
Presuming this to be the case, this first ring' 
should be wider, and the remainder in proportion. 
Perhaps a better plan would be to increase the 
hardness of the gun metal at the first and second 
recesses. 

Number of rings on shaft = 6 to 8. 

Width of each ring = J inch as a minimum for a 

shaft 4 inches in diameter; above this to 18 

. - . _. shaft's diameter 

inches m diameter = -^ 5— — x 

o to 9 

Space between rings in most cases = width of 
rings X 1. to .8. 

Depth of rings = width x .75. 

Thickness of brasses = depth of ring. Each brass 
should be recessed in the cap and block, so as 
to prevent the brasses from shifting. 
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Number of staying recesses = 2. to 4. An ap- 
proximate rule will be half the number of 
rings working in brasses. 

Number of bolts for securing cap = one on each 
side for small shafts, say 8 to 5 inches in diam- 
eter ; above this diameter 2 to 3 bolts are used, 
the latter for shafts 18 to* 24 inches in diameter. 

The sectional area of the cap bolt is derived 
from the area of the crank shaft, although the 
former has a tensile and shearing strain on it, and 
the latter crushing and torsion. 

m 



Area of total number of bolts = 

area of crank shaft 



9 to 11 
Thickness of cap and bottom of block = 

diameter of shaft 
8.5 to 4. 
Depth of cap bolt's lugs, or bosses = diameter of 

bolt X 3 to 2.5. 
Thickness of metal around bolt = diameter of 

bolt X .6. 
Diameter of bolts for securing block and sole 

plate = diameter of cap bolts. 
The bolts for securing block and sole plate = 4 
to 6 in number, which also secure the sole 
plate to frame of ship. 
Thickness of sole plate, ribs, and bottom = thick- 
ness of block. 
8 



#• 
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Length of sole plate beyond thrust part of block 

towards engine = diameter of shaft. 
Length of block and sole plate beyond block 

towards screw ^ diameter of shaft x 8. to 4. 
Length of plummer block for shaft = diameter of 

shaft X 1.5 to 1.3. 
Diameter of cap bolts = diameter of thrust block 

cap bolts X .75. 
Thickness of brasses = thickness of that for 

thrust blocks x .75. 
Thickness of cap and bottom of block = 

diameter of shaft 

5 to 6 . • 



Turning Gear and Coupling. 

The use of this gear is to turn the engines 
without steam, for accessibility to any particular 
detail, or for lifting the screw from its coupling. 
The general mode adopted, is a worm working in 
a toothed wheel, cast on the shaft coupling beyond 
the main frame. 

Diameter of wheel = stroke of engine x 1.5 to 1.8 
the latter above 300 HP. In some cases diam- 
eter of wheel = stroke of engine x 1.25 to 1.4, 
the worm being J to ^^ of the wheel's diameter. 
Diameter of woiun generally used = 

diameter of wheel 
7lo9 
Length of worm = pitch of teeth x 4. 
Pitch of teeth = 2 to 3 inches. 
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Diameter of worm shaft = pitch of the teeth as a 

general rule. 
Diameter of wheel boss = diameter of shaft x 2. 
Thickness of rim and body of wheel = thickness. 

of teeth. For the proportions of the teeth, see 

Miscellaneous. 
Length of boss = diameter of shaft. 
Length of arm of rachet lever = stroke of engine 

X S to 2.5. 
Area of coupling bolts = area of shaft at bearing 

X .7 to .9. 

_ . n ^ 1 diameter of shaft 

Diameter of bolts == tt: — r~" 

o to o 

Thickness of coupling at pitch line of bolts =; 

diameter of shaft x A to .3. 
Thickness of metal beyond bolt = diameter of 

bolt X .75. 



Wrott&ht Iron Couplings. 
The modern mode of coupling the shaft between 
the thrust block, and the stem tube stuflSng box, 
is by a disc of wrought iron forged on each length 

of shafting. 

_-, . , ^ ,. diameter of shaft 

Thickness of disc = —. — ^r- — = 

3 to 5 

Area and diameter of bolts as for cast iron 

couplings. 



Stern Tube and Stuffing Box. 
The use of this is to allow the shaft to revolve 
freely without admitting the sea water ; the screw 
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« 

shaft has a tube cast around it in most cases ; this 
mode being preferable to boring the tube, turning 
the shaft, and forcing the tube on it, which entails 
^uds as a final security. When the lube is cast 
on or around the shaft, a good plan is to groove 
the shaft, in one or two opposite parts, thus en- 
suring the tube not turning on the shaft. The 
shaft tube is turned only at each end fot a given 
length, the stern tube being bored to correspond ; 
lignum vitae is sometimes introduced between the 
tubes, as a means of reducing the friction at the 
part* in contact or bearing. This is of course an 
advantage in great velocities, but the necessary 
renewal of the wood, attended by the disarrange- 
ment of the shafting, greatly lowers its practica- 
bility. The author advises that the shaft, and 
stern tubes, be filled with soft or white metal in 
ribs cast on the inner and outer diameters of the 
tubes ; that belonging to the shaft might always 
be replaced by harder or softer metals, as the case 
might require. 

Length of provisional bearing, or friction parts at 

stern end = diameter of shaft x 2. 
Thickness of tubes = J of an inch as a minimum, 
and 1 inch as a maximum for shafts 20 inches 
in diameter, a good rule being 

diameter of tube 
20 
Length of stufiing box = diameter of shaft x 2 to 
1.5. 
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Lengtli of gland = length of stuflSng box X .2 to .8. 

Thickness of gland = | to 1 J inch. 

Diameter of gland bolt = thickness of gland. 

Number of gland bolts = 4 to 6. 

Diameter' of bolts for securing stem tube | to 1| 

inch. 
Pitch of bolts = diameter x 8. 
Thickness of flange = diameter of bolt 



Screw Propeller. 

This propeller should be treated as a common 
screw entering into a body, whether of wood or 
metal; presuming the part entered to be rigid, 
the screw will be advancing or receding; whereas 
when the screw is fixed longitudinally, the part 
entered will advance or recede according to the 
motion it receives. To revert to the origin of the 
screw propeller is not the intention of the author, 
he being well aware- thut the subject has been re- 
peated so often, that those desiring practical in- 
formation pass thb pages filled with such useless 
matter; consequently the desideratum is only 
here deemed worthy of attention — ^viz., the proper 
proportions to accomplish the best result, com- 
mencing with the common screw. 

Diameter of the screw of course is due to the 
depth of immersion of the vessel at the stern ; the 
extremity of the blade should be immersed y^^ of 
its diameter, as a guide for setting out the pro- 
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portions, but practical demonstration proves that 
in a heavy sea this rule is often deviated &om, 
according to the susceptibility of the vessel to 
the action which is enforced by the sea. The fol- 
lowing rules are deduced from practice, conse- 
quently may be relied on : 

Diameter of screw = stroke of engine x 6 to 5. 

Pitch = diameter x 1.5 to 1.25. 

Diameter of bearing = diameter of crank shaft x 

1.25. 

Diameter of boss = diameter of crank slfeift x 1.5.. 

Width of T coupling = diameter of shaft x .75. 

_. - ^ ,. diameter of screw 
Diameter of T coupling = ^— — ^ 

Length of blade on line of keel = 

diameter of screw 
5 to 6 
Thickness of blade at boss = 2 inches for a screw 
4 feet in diameter, increasing from this J of an 

inch per foot. 

^, . , mil . thickness at boss 

Thickness of blade at point = s— — z 

^ 3 to 4 

The correct mode to obtain the pitch of the 
screw is produced from the speed of the ship, de- 
ducting therefrom the slip of the screw, which on 
making one revolution would in a rigid body ad- 
vance, or recede to, or from it, equal to the pitch ; 
but in the case of water two practical adherents 
are to be observed — viz., elasticity and friction ; 
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thus the difference of the progress of the ship, in 
proportion to the progress of the screw, is termed 
the slip. The ratio of slip to the theoretical pro- 
gress of the screw is not even ; foulness of the 
bottom of the ship, state of the weather, and ve- 
locity, all determine the loss of speed and slip. 

Speed of screw per minute = pitch of screw x 

number of revolutions per minute of engine. 

Theoretical speed of ship in knots per hour = 

speed of screw in feet per hour 

6080 = Admiralty knot in feet 

Loss of speed or slip of screw = theoretical speed 

of ship minus actual speed of ship. 
Actual speed of ship = speed of screw minus slip. 

To ascertain the actual pitch, required at a given 
speed of the screw, to produce a given speed of the , 
ship, the rule will be as follows : 

Pitch of screw in fe^t = 

actual speed of ship in feet per hour 
number of resolutions of screw per hour x .9 to .75 

This rule allows a slip or loss of speed of 10 
to 25 per cent., 20 per cent, being the average for 
war ships. 

The following table of the nominal HP req- 
uisite for. screws of given diameters, is deduced 
from the best results of the present day : 
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/ 


> 
• 


Nominal 
HP collect- 
ively. 


Diameter 

of 

Screw. 


Pitch— Variable. 


Nominal HP 

per foot of 

Screw '8 Dia. 


60 


ft. in. 

6 


ft. in. ft. in. 

7 5 to 9 


10.0 


100 


8 


10 " 12 


12.5 


150 


10 


13 " 15 


15.0 


200 


11 


14 6 " 18 6 


18.18 


300 


14 


17 6 " 21 6 


21.42 


- 400 


16 


20 " 24 


25.0 


500 


18 


20 6 " 24 6 


27.77 


600 


18 6 


21 " 25 


32.43 


800 


19 


22 6 " 27 6 


42.1 


900 


20 


23 " 30 


45.0 


1000 


^1 


24 " 32 


47.61 



Griffith's Patent Screw Propeller. 

The object of this screw, being of a variable 
,pitch, is to ascertain the greatest speed obtainable at 
a given pitch, being a ratio to the displacement and 
shape of the ship ; the centre of this propeller is 
globular in shape, into which each blade is secured 
and adjusted. The following rules and Table will 
be found of practical utility. The rule given for 
the length of the boss, may be deviated from if 
required : 

RULES. 

diameter of screw 



Diameter of boss == 



3 to 4 



Length of boss = diameter of flange + J diameter 
of shank, in some cases diameter of boss. 

Diameter of flange of blade = diameter of boss x 
.5. 
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diameter 
Thickness of flange at edge = — ^^ — 

Lap of blade on boss beyond flange =| of an inch 

per foot of diameter of screw. 

__. . . « , , , . , diam. of screw 
Width of blade at widest part = ^ r 

„^. _ _ « , , , . diameter of screw 
W idth of blade at pomt = ^ 

Thickness of blade at root = | of an inch to each 

foot's diameter. 

Thickness at point = J of that at root. 

Diameter of shank = diameter of boss x .25. 

^, , , , , diameter of boss 

Metal around shank = tt^z— — r-j 

23 to 24 

Metal beyond flange and cotter = ^2 of depth of 

 cotter. 

Width of main cotter = diameter of shank x .5. 

diameter of shank 



Thickness of main cotter = 



Thickness of feathers in boss = 



6 
diameter of boss 



Width of small cotter = 



40 
diameter of boss 



Thickness of small cotter = 



20 

width 



2 

Angle in side of wedge box =^ 7 J degrees. 
Metal in cheeks where cotters enter = 

diameter of boss 
40~ 
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Thickness of plate over wedges = 

diameter of boss 
48 ' 

Blades of screw to curve forward J inch, to each 
foot of diameter of screw, from fece at root, 
curve to commence at centre of blades. 

The shape of the blades of this propeller is 
that of. a pear having the ends cut off, the small 
end being the extremity of the blade, the larger 
end has cast on it a solid bearing, termed the 
shank, which fits into a cavity cast in the main 
boss, this bearing is secured by a cotter ; the angle 
of the blade to produce the given pitch, is regu- 
lated by wedges, these are prevented from be- 
jcoming loose by a plate, secured :by nuts on the 
end of the main cotter ; the blade is still further 
secured by bolts and nuts, passing through the 
flange, and a provision in the boss ; the holes in 
the latter are a parallelogram, curved, the radii 
being from the centre of the boss to the centre of 
the bolts ; the length of the holes are of course due 
«o the angle the blade is required to assume. 
The following Table is taken from practice : 
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Banjo, or Lifting FIiamb. 
This frame consists of two plummer blocks to 
receive the propeller, with caps, connected to the 
upper of cross part, which is cast hollow in two 
parts, having within them two pidleys to lift 
the frame, a lever stop, and a safety catch ; the 
latter works in perpendicular ratchets, secured 
to the hull of the ship on each side of the screw 
opening or well ; the ratchet also forms a guide 
for the frame during the action of lifting; the 
use of the safety catches is, in the event of lower- 
ing the propeller, should the rope or any other 
j)art fracture, the catches are instantly allowed 
to act, consequently prevent the fell of the pro- 
peller and frame. The use of the lever stop is to 
prevent the propeller from deviating from the per- 
pendicular line during its ascent, also when it is 
not required, or the ship under sail. For small 
engines, up to 200 HP collectively, the plummer 
block cap is connected to tl^e cross part by a rod 
keyed on a bush, cast on each cap. For engines 
above this power, the cap and cross part are in 
one casting, the connecting part being hollow in 
section as a box girder, open at the part facing 
the ratchet. The cross part for small engines, is 
usually ribbed bet^^een the provision, for the 
levers, stop, and safety catches, the attachment of 
the rope or chain to the frame being to a ring, 
secured to the frame by a pin, the position of 
which should be so that during the process of . 
9 
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lifting; the weight will be equally distributed, 
• thus ensuriQg a froe ascent. 



Frame por Small Engines. 

Diameter of lifting ring pin = 1 J inch as a mini- 
mum for a screw 4 feet in diameter, increasing 
in diameter from this j^ of an inch per foot of 
screw's diameter. 

Thickness of sides and top of cross part of frame 
(the lower part being open) = f to ^ an inch. 

Width of ends and sides = width of T coupling. 

Area of lifting ring = area of lifting pin x .5. 

Diameter of stay rods, connecting cross part of 
frame to cap of bearing block = diameter of 
lifting ring pin. 

D"Spth of ends of cross part = width x 2. 

Depth at centre = depth at end x 1.75 to 1.5. 

Diameter of bosson c^ps = rod's diameter x 1.6. 

Depth of keys = rod's diameter. 

^, . , ., rod's diameter 
Thickness of keys = 7 

Thickness of brass of cap and bottom = 
diameter of bearing of screw 
5 to 7 
Area of bolts in one cap (4) = area of lifting pin 

• xl.5 to 1.8. 
Depth of bosses =fc diameter of bolt x 1.5. 
Length of bearing = diameter of bearing x 1 to .8. 
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Brass Fbame fob Large Engines above 200 

hp collectively 

This class of frame and cap, as before stated, is 
in one casting. 

Diameter of lifting pin = 8 inches for engines 

200 HP collectively, having an increase of f of 

an inch per foot of diameter of screw above U 

feet. 
Thicldiess of body of frame = J to | of an inch. 
Width of oides of frame = width of X coupling 

of screw propeller. 
Depth of cross part, midway from centre, to sides 

== width of sides x 2.25. 
Depth at centre = width of side x S. 
Diameter of rope pulley at bottom of groove = 

one inch per foot of screw's diameter. 
Thickness of body ^ J to f of an inch. ^ 

Diameter of boss = diameter of pinx 1.5. 
Width of groove = diameter of lifting pin. 
Diameter of pin screw for stop lever = diameter 

of lifting pin X .Q to .5. 
•Diameter of screw for adjusting stop lever = 

diameter of lifting pin x .7 to .6. 
Depth of stop lever at centre = diameter of lifting 

pin X 2 to 1.75. 
Thickness of stop lever = depth x .5 to .4. 
Depth of stop lever at boss and clutch = depth at 

centre x .5. 
Diameter of catch pin = diameter of lifting pin X 

.7 to .6. 



100 bubqh's practical eules fob 

Diameter of boss for catch pin = diameter of pin 

x2. 
Taper of catch = 2 inches per foot. 
Thickness of catch at point = depth at point. 
Thickness of bottom of bearing block and cap = 

diameter of bearing 
4 to 6 

When strips of lignum vitse are used, there 
should be a separate tube (in halves) inserted in 
the blocks, with provisions for fitting and securing 
the wood and tube. 

Thickness of tul^ = i to J inch. 

Thickness of each strip of lignum vitae = J inch 

as a minimum, 1 J as a maximum. 
Width of strips = thickness x 8 to 2.5. 
Thickness of metal between strips = thickness of 
• tube X 1.6 to 1.5. 

Total area of bolts in one cap (4) = area of lifting 
pin X 1.35 to 1.2. 



Stern Bracket. 

Thickness of metal = that for lifting frame x 1.25. 
Diameter of securing bolts = thickness of metal 

X 1.25. 
Proportion of lignum vitas strips as before. 
Pitch of safety ratchet = 2 J to 4 inches. 

The means on dgck for lifting the propeller 
and frame is by a capstan, shear legs, and rope 
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or chain. The screw frame, when lowered, is re- 
tained in its position rigidly by a piece of wood, 
resting in cavities cast or secured on the frame ; 
this piece of wood is from 5 to 10 inches square, 
the top part being secured by a screw or wedge ; 
the former being the better mode. 



OSCILLATING ENGINES. 

The use of these engines for marine purposes 
has been proved to be applicable for the paddle 
wheel, but the excessive friction (caused by the 
vibration of the cylinder) on the piston rod, also 
that of the trunnions, render it necessary that the 
piston rod and crank shaft have larger propor-, 
tions, than for engines adapted for the screw. To 
equalize the motion of the oscillating engine on 
either side of the centre line, the slide valves and 
casings are two in number, one on each side of the 
cylinder ; the valves are worked by levers hung 
on pins secured to the cylinder ; one end of each 
lever is attached to its respective slide valve, and 
the other ends are secured to sliding blocks, which 
work in a shifting quadrant. By this arrangement 
the motion of. the slides, derived f;pom the eccen- 
trics and the crank shaft, are very little (if scarcely) 
affected by the motion of the cylinder ; in some 
cases. the slide valves are worked by a single 
eccentric to each cylinder; the eccentric being 
loose on the crank shaft, assumes its proper angle 
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for astern, or ahead, by a catch or stud, secured ia 
""the crank shaft; the catch works in a channel 
in the boss of the eccentric for a given length of 
arc ; a counter-balance is secured to the eccentric 
so as to cause the same to be on the perpendicular 
line, when its rod is released. A better plan for 
working the slide valves is the locomotive valve 
link motion, already described for engines adapted 
for the screw, although the action of the doubl 
eccentrics, when the link is introduced, is not so 
sudden as that of the single ; but the means for 
ensuring accuracy of the stroke of the valve, on 
reversing the engines, is reliable by the adoption 
of the link; it is practically essential to secure 
the engines as near the keel "of the ship as possi- 
ble ;^the angle of the piston rod should never ex- 
ceed 70°. The following rules will produce the 
practical results of the present day : 

Nominal HP. 

The following Table will enable the area of the 
cylinder, to be easily obtained : 

HP for one . Namber of square 

ejlinder. inches per HP. ^ 

- 20 to 80 = 33 to 24 

90 "150=23.8 " 22 ^_^ 

180 "300=21.8T - 20 ^ thJcyUndrrl' 

350 "500 = 19.8T " 19 

The area to be increased or decreased in propor- 
tion to the stroke. 



when the stroke 
= the diameter of 



MODERN ENGINES AND BOILERS. 



108 



Length of Stroke. 

The stroke of the engine is due to the depth of 
the ship, displax5ement, etc.; the usual proportions 
to the diameter of the cylinder = diameter of cyl- 
inder X .8 to 1. 
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Area of steam port supply = HP x 1. to .75. 
Length of steam port = diameter of cylinder x .6 

to A. 
Diameter of valve lever pin = diameter of slide 

rodx2. 



The remaining proportions for steam ports, slide 
valve, casing, rods, eccentrics, links, and pins, are 
as for screw engines. 
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Piston Eod/ 

Approximate length = stroke x 1 .75. 

^. , ^ . , diameter of cylinder 

Diameter of piston rod = t: 1-^ 

^ 8 to 10 j 

using the latter in large cylinders and short ' 

strokes. « ! 

Total area of cap bolts (2) = area of piston rod x 

•5. I 

Thickness of cap and head = diameter of bolt. 

Diameter of cap socket = diameter of piston rod 

at socket x 1.5. 

^, . - ^ , diameter of crank pin 

Thickness of brasses = n~r-o -^ i 

** o to o I 

Depth of key =^ diameter of piston rodx 1 to .75. 

_, . , „■ diameter of piston rod 
Thickness of key = j-^ 

Diameter of stuffing -box of piston rod = diameter 

of rod X l.fe. 
Depth of stuffing box = diameter of rod. 
Depth of bush = diameter of rod x 2.5 to 2. 
Thickness of bush = ^ of an inch as a minimum, 

increasing ^^ of an inch per 3 inches of rod's 

diameter. 
Depth of gland = depth of stuffing box x .4 to .5. - 
Thickness of metal of stuffing box = thickness of 

gland. 
Diameter of oil cup = diameter of gland. 
Depth of oil cup = thickness of gland x 2. 

The remaining proportions of the covers, man 
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hole, piston, studs, and bolts, etc., are as for screw 
engines. 



Trunnions and Steam Passages. 

Area of steam passage = area of one exhaust 

port. 
Width of steam passage = width of one exhaust 

port. 

area 
Length of passage = ^^^r^ 

Thickness of metal of passage = thickness of body 

of cylinder. * 

Area of steam opening in trunnion = area of one 

exhaust port x 2 as a minimum. 
The steam pipe is often of gun metal J to f of an 

inch in thickness. 
Length of bearing of trunnion = diameter of valve 

steam opening x .5. 
Thickness of gland = J inch as a minimum for a 

pipe 6 inches, in diameter, increasing J inch per 

6 inches of diameter of pipe. 
Thickness of metal of trunnion at neck = thick- 
ness of cylinder X 3 to 2.5. 
Thickness of trunnion of stuffing box = thickness 

at neck x .7 to .5. 
Thickness of flange of trunnion = thickness at 

stuffing box X 1 to .75. 
Depth of stuffing box = diameter of steam pipex 

.6 to .4. • 
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^ , - , , depth of stuflSiiig box 
Depth of gland = '—^ « 

Diameter of gland sttlds = f to 1 J inch. 
Pitch of studs in gland and flange of pipe = diam- 
eter of studs X 7 to 10. 
Thickness of brasses for trunnions = thickness of- 

stuffing boxx .8 to .6. 
Thickness of cap (cast iron) = 

diameter of trunnion 
3lo5 
Thickness of cap (wrought iron) = 

diameter of bearing 

6 to 8 

Total area of cap bolts (2) = area of piston rcJdx 

.6 to .5. 
Diameter of securing bolts = diameter of cap 

bolts. 
Thickness of metal under trunnion brasses = 
thickness of cast iron cap. 



Condenser. 

Cubical contents of condenser for two cylinders = 
cubic contents of one cylinder x 1.5 

6lo7 



Air Pump Vertical Action. 

Cubical contents of air pump, single acting, when 
one is used = that of condenser. * 



MODERN ENGINES AND BOILERS. 107 

Cubical contents of one air pump, single acting 
when two are used = # 

cubical contents of one cylinder 

6 to 7 

Stroke of air pump = stroke of engine x .5 to .4. 

Area of sMction valves in piston = eJBFective area 
of pump X .8 to .25, or as much larger as prac- 
tical. 

Diameter of connecting rod = 

' diameter of air pump 

7 to 9 

Diameter of pin for piston = diameter of connect- * 

ing rod. 
Thickness of trunk at neck = J to | of an inch, 

slightly tapering at the extremity. 

Depth of stuffing box for trunk = f— — ^- — 

^ . ° 4. to 5. 

Depth of gland = depth of stuffing boxx .6 to .7. 

__ . _ n -, t diameter of trunk 

Thickness of gland = ^ ^ ..^ 

° 8 to 10 

Area of one cap bolt = area of connecting rodx 

.25. 

. diameter of rod 
Thickness of keying socket = « 



Crank Shaft. 

Diameter = diameter of piston rod x 1.8 to 1.6. 
Length of bearing = diameter of bearing x 2. 



■> 
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Crank Pin. 

Area = area of piston rod x 1.5 to 1.4. 
Length of bearing = diameter x 1.5. 



Cranks. 

Depth of shaft's eye = shaft's diameter. 

Depth of pin's eye = diameter of pin. 

Extreme diameter of eye = diameter of holex 

1.66. 
Sectional area of each web of crank = area of 

bearing X .75. 



Disengaging GEA'fe. 

The usual mode adopted by engineers, for dis- 
engaging the paddle shaft from that of the engine 
is by a disc, surrounded by a ring connected to 
the crank pin, which ring is rendered stationary 
on the disc by a key, between the disc and crank 
pin ; this mode is cumbersome, and the liability of 
the ring to expand by the action of the key, tends 
to throw undue strain on the crank pin. The 
author therefore advises that the crank pin and 
shaft be connected by a strap and key similar to 
that of connecting rods ; by this means the strain 
from the shaft to the crank pin will be perma- 
nent. 
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Lower Fbahe. 

The use of this frame is to secure the trunnion 
plummer block of the cylinder, the frame being 
connected to the condenser by studs or bolts. 

Thickness of metal of frame = 1 to 1 J inch. 
Depth of frame is not imperative, but a good rule 

is piston rod's diameter x 2. 
Diameter of securing studs = thickness of metal. 



Entablatube. 

Total area of cap bolts (2) = piston rod area x .7 
to .6. 

Thickness of cap (wrought iron) = diameter of 
securing bolt. 

Thickness of cap (cast iron) = diameter of secur- 
ing bolt x 1.5. 

^, . , - - aiameter of crank shaft 

Thickness of brass = ^r- — z-x 

8 to 10 

Thickness of metal of body = } to 1 J inch. 

Thickness of solid sides of frame = that of the 
body X 2. 

Diameter of flange bolts = 1 J to 2 inches. 

Thickness of flange = thickness of body x 1.3. 

Depth, of solid sides = diameter of bearing x 1.25. * 

Depth of frame beyond brass of bearing = diame- 
ter of bearing x 1.5. 

Thickness of metal under brass = that of solid 
sides X 2 to 1.5. 
10 
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Area of each supporting stay rod (2 to each bear- 
ing of crank shaft) = area of piston rodx.4 
to .8. 

The entablature is adjusted by screwed keys, or 
wedges and nuts f when cast iron cross stays are 
used, the area of the stay rods may be slightly de- 
creased. The remaining proportions for the os- 
cillating engines are as for screw engines. 



Paddle Wheels. 
The propulsion of ships, by this means, is the 
same in principle as the common boat-oar used by 
hand. The proportions of the floats of paddle 
wheels are of course due to the displacement of 
the vessel. The following rules are compiled 
from practical results and may therefore be re- 
lied on : 

_ . . ^ - draft of vessel 

Immersion of floats to centre = ^r- — s 

2 to 3 

Use the former for shallow, and the latter for 
deep drafts. * 

Two to 2 J floats should be immersed for river 
steamers, and 4 to 5 for sea-going ships. 

Diameter of paddle at centre of floats = depth of 
immersion to centre of floats x 5 to 7, using the 
latter for high speeds and shallow drafts. 

Width of float = depth of immersion to centre of 
float X 1 to .75, using the latter for river steam- 
ers and shallow drafts. 
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Pitch of floats = 2 to 1.5 of the width, but the 
number determined on to be immersed will be 
* the best principle to ascertain the pitch. 

Nominal HP requisite for each paddle wheel := 
total area in feet of the floats immersed x 1,3 to 
2. Use the latter for sea ships. 

The area of each float = area of longitudinal im- 
mersed section of wheel, to pitch line of float 
X .7 to .8, using the latter for deep immersions. 

-. , area 

Length of each float = . , . 



Details of Feathering Paddle Wheel. 

diameter of pitch line 



Dia. of arm centre = 



3.6 to 4 
diameter of shaft 



Thickness of metal of boss = ^ ^ c 

4 to 6 

Length of boss = diameter of shaft x 2. 

Diameter of eccentric shaft = diameter of crank 
shaft X. 6 to A. 

Thickness of bushes = J to J of an inch. 

Area of lever shaft = 1 square inch per 5 to 7 
square feet of float, using the latter for narrow 
floats. 

Area of lever pin = area of lever shaft x .7 to .8. 

Diameter of radius rods = diameter of lever pins. 

Thickness of metal of eccentric = J of pin's di- 
ameter. 

Diameter of boss of eccentric shaft bracket= di- 
ameter o£ eccentric shaft x 2. 
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Width of paddle wheel rings = diameter of lever 

shaft as a minimum. 
Thickness of rings = width x .3. 
Position of rings from ends of floats = 

length of float 



Starting Gear for Screw and Paddle 

Engines. 

Marine engineers seem to have a diversity of 
opinion, as to the mode and proper position of 
this gear. Usually the starting wheel has from 
6 to 8 handles, equidistant on the periphery of the 
rim ; the wheel is keyed on the end of a shaft 
having a worm at its opposite extremity, which 
worm gives motion to a toothed segment, keyed 
on a weigh shaft centrally, at each end of which 
are levers, connected by a rod to the slide valve 
link; this is very powerful, and universally 
adopted. The next arrangement of gear is a 
wheel and -shaft as above, having keyed on the 
weigh shaft a spur pinion, which imparts motion 
to a spur segment ; this motion being conveyed to 
the link as before stated. This last arrangement 
is certainly of a more simple character than the 
former, but the spur gear necessitates a friction 
stop on the hand wheel shaft, to prevent the 
latter from turning during the motion of the 
engines. The next, and most modern arrange- 
ment, is a mitre wheel keyed on the starting 
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wheel shaft ; the former gears with another on the 
end of a rod, having a coarsely pitched screw 
chased on it ; the screw works in the boss of the 
last mitre wheel, which revolves on the hand 
wheel giving motion to it, consequently causing 
the ascent or descent of the screw rod, which is 
connected to the valve link in the usual manner ; 
in some cases the link rod is connected to a sliding 
block, which receives motion from the screw ; the 
rod revolving thus gives motion to the link. 
These two latter arrangements are generally 
adopted for engines above 800 HP collectively, 
the two former being for engines of all classes and 
power. 



Position. 

The position of the starting wheel by many 
makers is on the top of the condenser, the wheel 
shaft being geared with the weigh shaft of the 
spur segment; this latter shaft revolves in pro- 
visions secured either to the main frames- or the 
cylinders. . This arrangement (should the start- 
ing gear be disabled by shot when in action or 
otherwise) entails danger and great practical diffi- 
culty in stopping or reversing the engines. To 
Messrs. Humphrey and Tennant is due the origin 
of placing the starting wheel at the side, instead 
of the top of the condenser, which of course pre- 
vents the exposure the usual plan is liable to. 
The author therefore recommends that the start- 
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ing wheel both for screw and oscillating engines, 
should be as near the bottom of the ship as pos- 
sible. 

The following rules for starting gear are de- 
duced from practice : 

Diameter of wheel at centre of handles = 2 feet 6 

to 3 feet 6 inches. 
Height of centre of handles from starting platform 

== 3 feet 6 inches. 
Length of handles =4J to 6 inches. 
Diameter of handles at neck = 1 inch. 
Diameter of handles at extremity = 1 J to If of 

an inch. 
Diameter of bosses for handles = dianieter of 

handles at neck x 2. • 
Thickness of rim of wheel = diameter of handle 

bosses. 
Depth of rifei =thickness of rim x .75. 
Width of arm at rim = depth of rim. 
Taper of arm J inch per foot. 
Diameter of wheel shaft = diameter of slide valve 

rod. 
Diameter of boss for shaft = diameter of shaft 

x2. 
Diameter of weigh shaft of spur segment = diam- 
eter of wheel shaft x 1.25. 
When two starting wheels are used, the area of 

each shaft = the area for 1 wheel x .75. 
Batio of pinion or worm to segment = 4 or 6 

to 1. 
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Pitch of teeth in inches = diameter of slide valve 
rod X .8 to .5; nsing the latter for the greater 
ratio. 

Pitch of teeth of mitre wheels (gun metal) = di- 
ameter of valve rod x A to .8. 

Diameter of screw rod = diameter o£ slide valve 
rod X 1.4 to 1.25. 

Width of sliding block = diameter of .screw rod 
X 1.5. 

Length of sliding block = diameter of screw rod 

Diameter or area of link connecting rod = that 

of valve rod. 
Diameter of lever weigh shaft = diameter of slide 

valve rod x 1.5 to 2. * 

Turning gear for paddle engines is generally a 
toothed ring of wrought iron, secured to the outer 
ring nearest the side of ship ; this toothed ring is 
set in motion by a pinion keyed on a shaft, the 
latter 'being worked by a handle on the main 
deck. 

Pitch of teeth 1 to 2 J inches. 

Diameter of pinion shaft = pitch of teeth. 



VALVES. 
Kingston Valves. 

This valve is used to allow the sea water to 
flow into the condenser, bilge, or boilers. 
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Diameter of valve = 2 J to 9 inches, but from 4 to 
6 inches is the most practical to keep water- 
tight, and secure to the bottom of the ship. 

_ , - _ diameter 

Depth of valve = -tt- — 5- 

2 to o 

Thickness of valve = -^— — ^- 

6 to 8 

Diameter of valve-guide's spindle = 

diameter of valve 

5 to 7 

Taper of side of cone inserted in^hip = 2 to 8 

in 12. 
Position of guard = length of cone beyond valve 

X .5.  

Depth of guard = depth of valve. 
Length of guide of valve spindle should allow the 

valve to open J of the valve's diameter. 
Thickness of guard = } as a m in imum for -guards 

8 inches in diameter, increasing, above this, J' 

of an inch per 2 inches of diameter. 
Diameter of valve rod = J to ^5 of an inch per 

inch of valve's diameter. 
Thickness of body of Kingston = § as a minimum 

for 2 J inches, in diameter, increasing, above this, 

i to T^ff of an inch per inch of diameter. 
Diameter of clip studs = diameter of valve rod 

X .75. 
Depth of clip = diameter of valve rodx 1 to .75. 
Length of handle 6 to 10 inches. . "• 

Diameter of handle 1 to 1 J inch. 
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The proportions for the stuffing box, gland, 
studS; and flange, are as those for the engine. 



Cylinder Belief Valve. 

The use of this valve is to allow the egress of 
the condensed steam or water, from the cylinders 
when requisite, in the case of an inundation in 
the latter, either from the priming of the boilers 
or starting of the engines ; the spring of this valve 
is either released, to allow a free exit from the 
cylinder, or by'a cock between the cylinder and 
the under side of the valve ; the latter seems to 
be preferable, and is universally adopted. The 
author has devised a relief valve which dispenses 
with the cock and yet retains its practical value, 
by the following arrangement. The spring valve 
is perforated to receive an India-rubber disc valve 
on its outside; on the inside a provision is cast, and 
turned to receive a common solid brass disc valve, 
which, on being pressed inwards, allows free exit 
for the steam and water, and on a vacuum being 
in the cylinder, the India-rubber disc valve closes, 
and covers the perforations air tight ; on the re- 
turn action of the piston, the Indi8.-rubber valve 
again opens ; on closing the solid brass valve, the 
perforations are rendered non-effective, and the 
spring valve becomes a solid disc valve, of the 
usual kind, but dispensing with the cock or re- 
leasing screw as before alluded to. This improve- 
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ment is folly shown in the author's practical illus- 
trations. 

Area of relief valve for each end of cylinder = 
one square inch per square foot of area of 
cylinder. 

Diameter of spring should be as large as the valve 
will admit o^ for valves 4 inches in diameter ; 
beyond this, the diameter of the spring = diam- 
eter of valve X .8 to .75. 

SectioDal area of each coil of spring = .25 of a 
square inch per 8 inches qf the spring's diam- 
eter ; this of course depends on the pressure of 
the steam, the present rule being for a pressure 
of 20 lbs. per square inch. 

Number of coils 4 to 6. ^ 

Space between coils = diameter or side of square 

of coilsx 1.3 to 1. 

---,.. « , diameter of valve 

Thickness of valve = w-rs 

o to o 

_. . n -i . „ diameter of valve 
Diameter <h valve spindle = KT~7 



Expansion Valve. 

In cases wliere steam is used expansively, a 
valve has to be introduced, between the slide and 
throttle valves, thus regidating .the steam, or cut- 
ting it ofl^ at a given portion of the stroke of the 
piston. Makers of marine engines, as a rule, with 
an exception or two, have diflferent ideas as to the 
proper kind of expansion valve, and mode of 
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working the same. The following will be a 
statistic of those worthy of notice : 

First, the old variable cam, correct in principle 
and action, with the common throttle or slide 
valve ; secondly, the eccentric, as a medium to ob- 
tain motion, with its grid-iron or* cross-barred 
valve, common slide valves, single and double 
beat valves, sliding circular port valve, with its 
slotted adjusting lever, pins, etc. ; thirdly, spur and 
mitre gearing, deriving its motion of course from 
the crank shaft, with square, round and oval 
valves, also revolving circular ported valves. 

The correct principle to be adhered to, in the 
expansion valves is, that friction should be dis- 
pensed with as much as possible, so that the action 
be not impeded ; consequently • the lesser the 
amount of mechanical means introduced to g£iin 
the action of the valve the better ; spur and mitre 
gearing involve a great amount of friction, but 
direct in action ; the eccentric motion is uncertain, 
unless the valve be- neutral during a portion of the 
stroke ; this last is fully illustrated in the author's 
Practical Illustrations. 

The cam motion is undoubtedly the best when 
the common slide, throltle, or double beat valves 
be used. The proper lead for the slide valve is 
dubious, but practice teaches jq to ^^ of an inch, 
using the latter for high speeds. The points for 
cutting off for expansion are various, six points 
or grades during the travel of the piston being 
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available, but the chief guide is the pressure of 
the steam, as the higher or greater the pressure, 
the more the powers of expansion. In some cases 
cylinders have a steam space or jacket, which is a 
belt cast around the whole length of the cylinder 
firom the sides of the valve dicing and steam pas- 
sages; within this space steam is admitted, ex- 
hausting into the expansion valve casing or 
casings, as the case may be ; this retains the heaf 
of the cylinder, which produces a greater expan- 
sion ; in some cases the steam is exhausted into 
the jacket and thence to the condenser. Although 
this distribution of the steam may be correct in 
theory, in practice, with a moderate pressure, the 
gain in power, speed of ship, and reduction in the 
consumption of fuel, is not so startling as might 
be expected, and unless high pressure steam be 
used, say 45 to 50 lbs. per square inch, the expan- 
sive power will not produce a saving of fuel, ac- 
companied by power, worthy of attention and pro- 
ductive of economy. 



SuRFAcjE .Condensation. 

This mode of condensing is by the contact of 
the steam with a surface of metal, either flat or 
curved, the latter being universally used in the 
shape of tubes ; a continuous stream of cold water 
passing through them, retains the constant cool- 
ing powers by which the steam is condensed; 
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copper, muntz, or gun metal are the best con- 
ductors of heat and cold. The arrangement of 
the tubes and modes for circulating the water is 
various. Many makers prefer the tubes fixed 
horizontally in sets over each other, having the 
water circulated through the lower set, after 
which through the higher or top set. This ar- 
rangement is compact and effective ; the water is 
forced through the tubes by a common pump, 
either single or double acting, a good arrange- 
ment being to drain the condensed steam at one 
end, and force the circulating water at the other ; 
thus one pun^p is sufficient for the duty required. 
In some cases a double acting pump is used to 
drain the condenser, and the circulating water is 
forced or drained by a centrifugal pump; this 
entails a separate engine to drive the same, as a 
high velocity has to be continuously maintained. 
In some cases the tubes are vertical. The fol- 
lowing proportions for the cooling surface, cubic 
contents of pump, and area of valves, will be 
found practically correct, being deduced from 
the best results yet attained : 

Area of cooling surface of tubes = HP x 12 to 7, 
the former being a maximum for 100' HP, and 
the latter a minimum for 1000 HP. 
Cubical contents of air pump, single acting = 
cubical contents of cylinder 
l^lo'iS 
11 
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Area of valves for circulating water = ar^a of 
pump X 1.3 to 1.25. 

Area of valves for condensing steam = area of 
pump X .6 to .5. 

External diameter of tubes is usually one inch. 

Thickness of tube J of an inch. 

Length of tube 7 feet as a maximum. 

Thickness of tube plate = diameter of tube. 

The number in one plate ss= 1000 tubes as a maxi- 
mum. 

The plate should be stayed every square foot as 
near as practice will admit of. 

The modes of rendering the tubes air-tight 
when secured in the plate, but at the same time 
capable of being readily removed, are multitu- 
dinous; the best mode for securing horizontal 
tubes is by a ring of India-rubber to each tube, 
the latter protrudes fromi the plate f to IJ incli, 
the rings fit in the recesses which are cast* 
around each tube, on the o\;ter side of the plate, 
and on a vacuum being caused in the condenser, 
the India-rubber rings render the tube joints air- 
tight, whilst the increased length of the tubes 
allow a free expansion of material. In perpen- 
dicular tubes, the upper and lower ends are 
secured with a nut and India-rubber ring, whilst 
the expansion is effected by the elasticity of the 
ring. 
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Exhaust Water Valve. 

This valve is secured to the side of the ship 
beiow or at the load water line; the valve is a disc 
of gun nietal, with 3 ribs, or a spindle as a guide, 
the means of raising the valve is by a rope and 
pulley, or block secured to the coal bunker 
plates, or deck of ship, this being preferred to a 
screw, being more instantaneous in its action for 
raising or lowering the valve. The body of the 
casing has cast on its lower end, or that at right 
angles with the secured part, a stuffing box, to 
allow for the expansion of the exhaust water 
pipe. 

Internal area of casing = area of extreme diam- 
eter of valve X 2. 

Thickness of casing gun metal = f of an inch for 
casing 12 inches in diameter, increasing J of an 
'inch per 6 inches of diameter. 

Thickness of casing (cast iron) = thickness of that 

for gun metal x 2 to 1.75. 

_- . , ^ , diameter of valve 

Thickness of valve = ^77- — z-z 

10 to 16 

_. . ^ ^ , ... diameter of valve 

Diameter of valve spindle= 5— — z-^ 

^ 8 to 12 

Proportion of the stuffing box, gland, cover, 

flanges, and studs, as for .steam cylinder. 



DONKEY ENGINE. 
This engine is, to the engineer, what a reserved, 
number of soldiers is to a general of an army; 
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I 

in both cases each is only required in a case 
of emergency. The arrangements of a donkey 
engine is usually* a cylinder, secured perpendicu- 
larly over the pumps, having a slotted cross 
head, to give motion to the crank shaft and fly 
wheel ; the use of the latter is to assist the action 
of the plunger; each side of the cross head is 
keyed or bolted to the rods of the cylinder and 
pump, the steam cylinder is supplied with steam 
from the boilers, and either exhausts into the con- 
denser or funnel. 

Cubic contents of the pump = cubic contents of 
feed pump for one engine as before deduced x 
1.5. 

Stroke of pump = diameter x 1.25. 

The remaining proportions of the pump and 
values are as for that of the engine. 

Area of steam cylinder = area of pump x 1.5. 

The remaining proportions of the engine are as 
for high pressure engines. 



LAND AND MAEINE BOILEES. 

Land Boilers. 

The best kind of boiler is that known as the 
Cornish or flue boiler. The following tables and 
rules will enable the practical proportions to be 
jeasily obtained : 



\ 
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Nom. 
HP. 


Number of 

Square Feet of 

Heating Surface 

per HP. 


DlTlsor. 


Length. 


Diameter 

of 

Boiler. 


Diameter 

of 

Tube. 








ft. In. 


ft. in. 


ft. in. 


10 


12.3Y5 


Y.22 


It 


4 3 


2 H 


12 


12.3 


1.91 


18 6 


4 6 


2 3 


15 


11.96 


8.9Y 


20 


5 


2 6 


20 


11.3 


9.493 


23 6 


5 6 


2 9 


25 


10.98 


10.32 


26 6 


6 


3 


30 


10.2t 


10.83 


28 6 


6 3 


3 H 



Length of boiler = 

Total heating surfaoe of boile r 

divisor as per table 

length 



Diameter of boiler = 



4 to 4.5 

diameter of boiler 



Diameter of single tube = 

Depth of water line from top of boiler = 

diameter of boiler 



Height of watef line from top of tube = 

diameter of boiler 

12 

When two tubes are used in the boiler, their 
position from top of boiler must be as for a single 
tube. 

Diametrical length of flues = diameter of tube. 
Heating surface of tubes = total surface of tube 

= .5. 
Heating surface of bottom flue = total surface of 

boiler exposed in flue. 
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Heating surface of i^ide flues = surface of boiler 

exposed in both side flues x .5. 
Grate or fire bar surface = 1 to f of a square foot 

per HP. 

. n . 1 /I ^^^ of grate surface • 
Area of side flues = z 

■4 

Area of bottom flue = area of side flue. 

Width of bottom flue = diameter of tube. 

area 
Width of side flue = 



length 

, . _ _ . area of grate surface 

Length of fire bar of grate = — j-. : ^n — 

° ° diameter ox nue 

Height of bridge = § of diameter of flue. 

Area of safety valve = 1 to .75 square inch per 

HP of boiler. 

_ , -\ diameter of boiler 
Length of lever = ^ 

Weight in lbs. on end of lever = 

pressure against the valve in lbs. x by distance 

from centre of valve to centre of suspension 
distance from centre of suspension to centre of 

weight 
Pressure on valve in lbs. = 
weight in lbs. on end of lever x length of lever 

from centre of suspension to centre of weight 
distance from centre of valve to centre of sus- 
, pension 

Distance from centre of suspension to centre of 

length of lever 

valve = ^ . ^^ 

9 to 10 
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Pressure in lbs. per square inch = 

pressure in lbs. on or against the valve 
area of the valve in square inches 
Pressure on or against the valve in lbs. = pres- 
sure per square inch x area pf -valve in square 
inches. ^ 



Mabins Boilebs. 

The best class of marine boilers is undoubtedly 
the multitubular, having the tubes longitudinally 
over the valve box. In cases where shallow drafts 
are imperative, and the top of the boiler must be 
below the load water line of the vessel, the tubes 
are on a level with the fire boxes at right angles. 

Total heating surface of the tubes = HP x 12 to 
10 as a minimum, for boilers above 200 HP ; 
HPx 14 to 16 as a maximum below 160 HP. 

Diameter of tubes externally = 2 to 3 inches. ^ 

Length of tubes = 5 to 7 feet. 

-^-. , ^ , total surface 

JN umber of tubes = — -^ -^ —7— 

surface of one tube 

Eake or inclination of tubes = | to f of an inch 

per foot. 
Water space = 4 to 6 inches. 
Diameter of stays = 1 to Ij^ inch. 
Position of stays at right angles above fire boxes* 

= 14 to 16 inches. 
Position of stays at sides and bottom of fire boxes 

= 12 to 14 inches. 
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These rules for stays are for a pressure of 20 
lbs. per square inch on the total surface of boiler. 

Number of tubes to one fire box should never ex- 
ceed 125. 

Width of fire box at tube ^ pitch of tubes x num- 

. ber of tubes transversely. 

Fire bar or grate surface = HP x .75 to .5, using 
the latter for boilers above 150 HP. 

Length of fire bar grate surface = 7 feet as a 
maximum, 5 to 6 feet being generally adopted. 

Width of fire box at grate = 

surface of grate 
length of grate surface 

Eadius for top and bottom curves of fire box = 

width of fire box. 

width of fire box 

JRadii oi small curves = — j-: — ? 

, . ^ ' 4 to 5 

Width of fire door opening 18 inches as a mini- 
mum ; above this width the fire door opening = 
width of fire box X .875. 

Al*ea of fire box at grate = grate surface x .5. 

Area of space above bridge = 

area pf grate surface 
_ 

Cubic contents (in feet) of steam capacity = HPx 
2 as a minimum, and HP x 4 as a maximum. 

Height of water line above fire box at tube end = 
6 to 8 inches. 

Width of fire box at back end = 18 inches ; this 
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will allow room for closing or riveting the end 

of the tubes when renewed. 
Width of smoke, box at bottom = 14 inches as a 

minimum. 
Area of opening in uptake = total area of tubes 

as a minimum; total area of tubes x 1.25 as a 

maximum. 

. ^ , . total area of ffrate surface 
Area of chimney = ^ ^ 

In war ships the following should be observed : 
Top of boiler should be one foot below water 
line as a minimum ; funnel to be telescopic, raised 
and lowered by two chains on a barrel, keyed on 
a shaft, to which motion is given by a worm and 
wheel on each side of the funnel. 

Diameter of shaft = 2 to 8 J inches. 

Diameter of wheel = 18 to 24 inches. ^ 

Pitch of teeth = 1 J to 2 inches. • 

_ . _ diameter of wheel 

Diameter of worm = -. 

4 

Eadius of handle = 14 inches. 

In order to reduce the temperature between 
deck and the stoke hole, the funnel is surrounded 
by 2 casings, 4 to 6 inches of space between each, 
commencing on the main or weather deck, and 
terminating on the orlop or lower deck ; by thig 
means a continuous current of air passes through. 
The stoke hole is further ventilated, and draught 
increased in some cases by tubes, the tops of 
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which are termed cowls, froiri being enclosed 
semicircularlj, having the opening at the side, 
the top being rotative, and its position subservient 
to the wind. 



Safety Valves. 

These valves are two to each boiler in one 
casing, as the action of the sea causes the ship to 
pitch or roll; consequently levers with weights 
are entirely dispensed with, the weight being 
either directly over or under the valve. 
Area of valve in square inches = 

total area of grate's surface in feet 

3 

^. _ _ . -_ diameter of valve 
Diameter of valve spindle = j 

Diameter of weight = diameter of valve x 2. 

Pressure in lbs. against the valve = pressure per 

square inch X area of the valve. 

Cubical contents of weight, including weight of 

valve and spindle = 

pressure in lbs. against the valve 

[263 

_ , n . 1 cubic contents of weight 

Length of weight = tj — ^-tTj. 

^ ° area of weight 

Thickness of casing = J to } of an inch. 

Depth of guide ribs of valve = diameter of valve 

X.5. 
Diameter of lifting lower weigh shaft = diameter 

of valve spindle. 
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Length of lifting lever = diameter of weight + J 
inch for clearance between weight. 

_..^ ^ _ diameter of valve 

Lift of valves = z 

4 

Diameter of surface blow off pipe = 2 to 4 inches. 

Diameter of bottom blow out pipe = 3 to 5 inches. 

Between each fire box, above and below, there 
should be openings for the purpose of cleansing 
the crown of furnaces or fire box and bottom of 
boilers ; these openings should be rendered tight 
by doors, secured by bolts and nuts. 



Superheating 

This is an arrangement of tubes surrounded by 
steam, and filled with the flame, smoke, and 
heated gases from the boiler tubes, thus heating 
or drying the steam; by this means a greater 
amount of expansion and purity of steam is ob- 
tainedfc The best arrangement in practice at 
present is a series of tubes vertically secured in 
plates in the uptake, but in the case of a fracture 
in any of the superheating tubes, the diamper is so 
arranged that the exit from the boiler tubes can 
be effected through the opening, without passing 
through the tubes ; a set of valves and pipes are 
arranged to enable the steam, if required, to pass 
from the boiler to the engine without being super- 
heated. 
Total surface of tubes in square feet, minimum = 

HP X 3, maximum = HP x 5. 
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Diameter of tubes internally = 1} to 4 inches. 

The latter is the best for a quick draught, and 

the more readily cleansed. 
Thickness of tubes, wrought iron = J of an inch. 
Length of tubes are as their position requires. 

Each boiler should be fitted with a gauge glass, 
surface blow off, blow out, supply sea, and feed 
water cocks, tubes, ash box, cleansing doors ; the 
admission of air by the ash box doors should be 
regulated by a lever and ratchet, or any other 
practical jarrangement. 



Twin Screw Propulsion. 

• 

The object of two screws at the stem of a ship 
is for steering and light draughts. The propor- 
tions of the engines, screws, and boilers, will be 
as for those already^ given, for the reason that 
although the screw and engines are smaller, the 
power required at a given amount of displace- 
ment of the ship will be the same. The remain- 
ing proportions relative to land and marine 
engines, and boilers, will be found under the fol- 
lowing head of Miscellaneous. 



MISCELLANEOUS. 

Position of Eccentric. 

The angle of the eccentric in relation to that of 
the crank will be produced thus : 
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First. Describe on the centre of the crank dhaft 
a circle equal Jx> the travel of the slide valve. 

Secondly. Draw the centre line of the angle of 
the crank at full or half stroke. 

Thirdly. The intersection of the circle (de- 
noting the travel of the slide valve) with that of 
the centre line of the crank is the starting point 
to ascertain the angle of the eccentric. 

Fourthly. From this point of intersection set 
oflf a distance or dimension on the centre line of 
the crank equal to the travel of valve from edge 
of supply steam port, minus lead of slide valve. 

Fifthly. At the point where this distance inter- 
sects with the centre line alluded to, draw a line 
at right angles with the centre line of crank. 

Sixthly. Lines drawn from the centre of crank 
shaft to the intersections of the circle will be the 
angle of the eccentric eithei* for ahead or astern. 



Eadius of Slide Valve Link. 

The radius of the slide valve link for horizontal 
or vertical engines will be thus deduced : 

First. Set the slide at half stroke. 

Secondly. From end of slide valve set off half 
the travel, plus the clearance ; from this last point 
set off the distance from inside of casing, to the 
extremity of oil cup of the gland of valve rod, 
plus clearance. 
12 
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Tliirdly. From point of clearance last alluded 
to, set off centre of block pin. » 

Fourthly. From centre of block pin to centre 
of crank shaft will be the radius of the link. 



Marine Screw Engines, Direct Acting. 

m 

The angle of the eccentrics in relation to that 
of the crank will be thus produced : 

First. Describe on the circle of the crank shaft 
a circle equal to the travel of the slide valve. 

Secondly. Draw the centre line of the angle of 
the crank at full or half stroke. 

Thirdly. The intersection of the circle (de- 
noting the travel of the valve) with that of the 
centre line of the crank, is the starting point to 
ascertain the angles of the eccentrics. 

Fourthly. From the point of intersection furthest 
from the crank set up a distance or dimension, 
equal to width of supply steain port or opening 
caused by the slide valve, minus lead of slide 
valve.. 

Fifthly. At the point where this distance inter- 
sects with the centre line of crank, draw a line at 
right angles to it, the intersection of which on the 
circle will be the centres of the eccentrics. 

Sixthly. Lines drawn from the centre of the 
crank to the centres of the eccentrics, will be the 
angles of the latter. 
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Eadius or Slide Valve Link. 

To obtain the curve of this link the following 
must be observed : 

First. Set the sli(fc valve at half stroke. 

Secondly. From .the front end of the slide 
valve set off half the travel of slide valve, plus 
clearance ; from this, set off the distance from in- 
side of casirig to extremity of oil cup of the gland 
of valve rod, plus clearance. 

Thirdly. From point of clearance last alluded 
to set off centre of block pin. 

Fourthly. From centre of block pin to centre 
of crank shaft will be the radius required. 



Oscillating Engines. 

To obtain the radius of the sliding quadrant, 
the position of the centres of the stud pin of the 
levers (that work' the slide valves) will be the 
principal guide, consequently when the slide valve 
is at half stroke, the levers are in a line with 
each other, the intersection of which with the 
centre line of the cylinder will be that of the 
sliding quadrant. 

From the centre of the trunnion to the centre 
of the quadrant, will therefore be radius of the 
latter. 

Length of the slot of the quadrant is subser- 
vient to the angle assumed by the piston rod at 
half stroke. 



\ 
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Eadius of Valvb Link. 

Badius of valve link for oscillating engines wUl 
be thus: 

From centre of quadrant set up a distance 
agreed on for centre of link block ; from centre 
of block to centre of crank shaft equals radius 
required. 

Where levers are used the action of the eccen- 
trics will be reversed, consequently their position 
will be within the crank throw. The length of 
the eccentric rods = from centre of crank shaft to 
centre of link, when the pin is in its centre. 
When the pin is outside the centre of the link, 
the distance must be deducted from the length 
given, the remainder = the length of rods. 



Paddle Wheels. 

The mode to obtain the centres of the radius 
rods on the eccentric will be thus : 

First. Determine the' diameter of the pitch line, 
which must be sufficiently large to allow a clear- 
ance between each of the eyes of the rods. An 
approximate rule to obtain the diameter of the 
pitch line will be IJ to IJ inch for each float. 

Secondly. From the centre of pitch circle of 
floats to centre of pitch circle of the eccentric will 
be the length of the radius rod. 

Thirdly. With the length of the rod as a radius^ 
and on the intersection of each lever with the 
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circle of eccentricity, as a centre, describe arcs in- 
tersecting with the pitch line of the eccentric. 

Fourthly. The intersection lastly alluded to will 
be the centres for the radius rod's pins. 



PROPOtoioNS OF Connecting Eods having 

Strap Ends. 
Length of bearing = diameter of bearing x 1.5 to 

1.25. 
Thickness of brass (longitudinally) =a 

diameter of bearing 
5 to 6 
Thickness of brass at side = thickness longitud- 
inally X .5 to .4. 
Thickness of flange = thickness of brass at sides. 
Depth of flange = thickness of flange x 1 to .75. 
Area of strap at centre of curve = 

area of bearing 

3 to 4 

Area of side pf strap = area at centre of curve X 

.7 to .6. 
Width of strap= diameter of bearing. 
Thickness of strap at centre of curve and sides = 

area at each part 

width 

Thickness of cotter and gib = diameter of bearing 

X .25 to .2. 
Total width of cotter and gibs at centre = diam- 
eter of bearing x 1 to^.875. 
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Width of cotter at centre = total width of cotter 

and gibs x .4. 
Taper of sides of cotter = J inch per foot. 
Length of cotter beyond gibs (back end) = width 

of cotter at centre x 4 to 3. 
Length of cotter beyond gibs (front end) = width 

of cotter at centre x 1.25 to 1. 
^ Diameter of stop stud = J of an inch per inch of 

bearing's diameter. 
Thickness of strap at cotter part = thickness • of 

strap at sides x 1.25. 
Length of rod (wrought iron) beyond cotter = 

diameter of bearing x .6 to .5. 
Length of rod (cast Iron) beyond cotter = that for 

wrought iron x 1.25. 
Length of strap beyond cotter = that of rod. 
D.epth of clip of gib = thickness of gib. 
Width of clip of gib = depth of clip x .875. 



Levers. 

Thickness of metal of boss of eye 

diameter of hole 
3 
Length of boss of eye = diameter of hole. 
Minimum length of lever = travel of lever. 
Width of lever at bosses .= diameter of hole+ 

thickness of metal of one side of boss. 
Thickness-of lever at each end = 

diameter of hole 
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In all cases the versed sine of the travel of the 
lever should be divided, so as to equalize the 
vibration. 



Kbys and Cotters. 

diameter of hole 
Width of key = 1 

Taper of key = J inch per foot. 

Thickness of key = width x .75. . 

_ , ^ , , . , _ thickness of key 
Depth of key slot in shaft = « 

Keys in some cases have gib ends, the propor- 
tions being the same as for that of* gibs. 

Taper of cotter = J inch per foot. 

Width of cotter = diameter of bolt into which it 

is inserted. 

^ . , _ diameter of bolt 

Thickness of cotter = z 

4 . 

Length of bolt beyond cotter = diameter of bolt 
X 1 to .75. 

Length of boss beyond extremity of Dolt = diam- 
eter of bolt. 

,rrr. , , rt , « • diamctcT of shaft 

Width of key for eccentrics = t^ — 5 

•^ 4 to 6 

Use the latter for shafts 24 inches in diameter. 

width 
Thickness of key = —^ ^ 
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Plummeb Blocks. 

Length of bearing = diameter x 1.5. 

Thickness of brass = f of an inch as a minimum 

for shafts 1^ inches in diameter; above this 

thickness of brass above and below bearing = 

diameter of bearing 

4to6 
Thickness of brass at the sides = . 

diameter of shaft 

8 to 12 

Thickn^s of flange of brass = that at the side. 

Length of fitting strip of brass = thickness over 

bearing. These strips should be one^ within 

each flange of brass. 
Diameter of cap bolts (2) = diameter of bearing X 

.8 to .25, using the latter for bearings 10 inches 

diameter. . When 4 cap bolts are used, area of 

each bolt = area of each bolt when two are 

used X .6. 
Width of cap = diameter of bearing. 
Thickness of metal under brass = diameter of 

bearing >^5.' . \ ' 

Thickness of cap = diameter of bearing x .5. 
Width of metal between side of brass and side of 

cap bolt = diameter of bolt x .5. 
Width of metal beyond bolt = diameter of boltx 

1 to .875. 
Diameter of oil cup, external := diameter of bear- 

ingx.5 to .4. * * 
Depth of oil cup = diameter of oil cup x .75. 
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Thickness of metal of oil cup at top = | to f of 

an inch. 
Taper of side of oil cup = J of an inch per inch in 

depth. 
Approximate height of plummer block from centre 

of bearing to sole = diameter of bearing x 2 to 

1.5. 
Thickness of sole = thickness of cap x .5. 
Thickness of sole plate = thickness of sole = 

1.125. 
Total area of sole plate bolts = total area of cap 

bolts X 1.25. 

Diameter of nut bosses = width of nut across the 

ft 

angles X 1.1. 
Width of facing strips = J to 1 J inch. 

The facing s^jjrips should be at the extremitieB 
of the sole, with a cross strip at the centre 



Toothed Wheels (Gea.rino). 

The diameter of the wheel will to a certain ex- 
tent govern the pitch of the teeth if to please the 
eye. The following table and rules are deduced 
from practical results : 

Diameter at Pitch of 

Plteh Lime. Teeth, 

ft. in. in. 

16 ... ... Si 

U ... ... • 3i 

xO U ... ... iS 

12 ... ... 2| 



142 



BUBOH'S PBA.CTICAL BUUtS FOB 



DUmaterftt 






Fitehof 


Flteh Line. 






Teeth. 


ft in. 






In. 


10 


• «< 




H 


8 


••1 




H 


6 


• ••< 




2 


4 


•• 




H 


3 


••1 




li 


1 


•• 




1 


6 


••< 




i 



Breadth of teeth = pitch x 2.5. 

Thickness = pitch, minus clearance x .5. 

Clearance = Vj of an inch per inch of pitch. 

Length of tooth = pitch x .75. 

'rtiickness of rim, arms, etc. = thickness of tooth. 

Width of arm at rim = pitch x 2 to 3. 

Taper of arm = J to f of an inch per foot of 
length. 

An approximation for the diameter of the shaft = 
pitch of teeth x 8 to 2, or one inch as a mini- 
mum for wheels one foot in diameter, increas- 
ing one inch per foot above this. 

Diameter of boss = diameter of shaft x 2. 

Length of boss = breadth of teeth x 1.25. 

Depth of web of arm at boss = width of web of 
arm. 

It must be understood that in practice the clear- 
ance of the tooth at the bottom and at the pitch 

line should be equal, by which the clearance of 

the root and the top of the tooth can be obtained. 

For the use of students the following is observed; 
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In mitre and bevil gear, the pitch line to con- 
struct the shape of the tooth is produced from a 
line (at right angles to the angle of the gear) 
that intersects with the centre of the wheel, which 
is in principle, the unrolling of the periphery of 
the cone of the bevil or mitre wheel. 



Fire Bars. 

Length should never exceed 3 feet 6 inches. 
Inclination for marine boilers = 2 inches per Ibot. 
Inclination for land boilers = 1 inch per foot. 
Depth of bar at centre = IJ to If of an inch per 

foot of length. 
Depth of bar at ends = f of an inch per foot of 

length. 
Width of bar at ends = f to 1 inch. 
Taper of sides of bar = J of an inch per inch. 
Clearance for ashes = J to f of an inch. 
Depth of centre bearing bar'= depth of fire bar at 

centre. 
Width of centre bearing bar = depth' of fire bar 

at end x 2. 
Width of end bearing bar = depth of fire bar at 

end, • 



Marine Coal Bunkers. 

Thickness of plates, etc. : 
Top plates, J of an inch. 
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Bottom plates, ^^ of an inch. 

Kadii of curves, 6 to 12 inches. 

Comer angle iron, IJx IJx J. 

Stay angle iron, 2 x 2 x ^9. 

Stays, 8 feet pitch. 

Temperature tubes, number = 1 per 30 tons of 
coal, in bunkers containing above 200 tons. 

Number of cubic feet per ton of coal = 46. 

Space between boilers, or width of stoke hole = 
9 to 10 feet. 

Minimum space allowed for passing behind cylin- 
ders or thrust block in screw alley = 12 inches; 
maximum space 18 inches. 

Diameter of water pipe for lubricating or cooling 
bearings of shaftings =1 ib 3 inches. This 
piping is supplied with stop cocks to each bear- 
ing, the water being required when bearings 
have a tendency to become heated. 
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Pbopobtions of Cocks fob Mabine Pubposes 
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Pbopobtions of Cocks for Marine Purposss 
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Side of taper of pings = 1 inch per foot. 
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Proportions of Bolts, Nuts, etc. 
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Split pin's diai^eter= J of an inch per inch of 

bolt's diameter. 
Stop pin's diameter = J to f of an inch, or J of an 

inch per inch of bolt's diameter below 5 inches. 
Thickness of stop ring = diameter of stop pin x 2. 
Width and diameter of stop ring is subservient to 

the nut Used. 
Pitch of bolts and studs in flanges = diameter of 

bolt X 8. 
Depth of stud screwed into metal = diameter of 

stud X 1.5. 
Thickness of metal beyond stud = diameter of 

stud X .75. 
Width of flange to side of metal of body part = 

diameter of stud x 2.5* 
Thickness of flanges (cast iron) of pipes == 

diameter of pipe 

Diameter- of bolts or studs for flanges of pipes 

(cast iron) = J to IJ inch, using the latter for 

pipes 12 inches in diameter. 
Thickness of collars and heads of pins = 

diameter of pin ' 

2. to 8. 
Diameter of collars and heads of pins= diameter 

of pin X 1.5. 
Thickness of check nut = diameter of bolt x .7 

to .5. 
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PEOPORTIONS OF ENGINES PRODUCED BY 

THE [RULES 

Proportions of an Engine of 20 HP 

Nominal. 

Diameter of cylinder, liy^^^ in. 

Length of stroke, 28 in. 

Depth of piston, 8J in. 

Clearance at each end of the stroke, J in. 

Diameter of cylinder at cover, allowing for rebor- 

ing, Uj% in. 
Diameter of piston rod, 2^ in. 
Thickness of metal of cylinder, 1 in. 
Thickness of raised portions, J in. 
Length of raised portions, 2 in. 
Thickness of metal of steam passages, f in. 
Thickness of back end cover, } in. 
Depth of fitting part of cover, 1 in. 
Thickness of flanges, 1 in. 
Thickness of ribs, J in. 
Internal diameter of recess for nut of piston rod, 

4J in. 
Diameter of studs for securing cover, 1 in. 
Diameter of pitch circle, 17f in. 
Thickness of metal beyond bolts, } in. 
Diameter of bosses or projections to receive nuts, 

2iin. ' 

Thickness of bosses, J in. 
Thickness of front end of cylinder, f in. 
Number of ribs, 4. 
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Thickness of ribs, J in. 

Position of supporting brackets (perpendicular), 

10 in. 
Thickness of sole, 1 J in. 
Thickness of ribs, f in. 
Space between ribs, 6 J in. 
Diameter of securing bolts, If in. 
Number of bolts, 4. 

Transverse distance of securing bolts, 14j j in. 
Diameter of piston rod stuffing box, 4 in. 
Depth of piston rod stuffing box, 8f in. 
Thickness of metal of bush, j% in. 
Depth of gland, 2 J in. 
Thickness of metal of stuffing box, | in. 
Diameter of studs fo( securing gland, | in. 
Metal around studs, | in. 
Depth of oil cup, 2 J in. 
Thickness of flange of gland, f in. 



Steam Ports, etc. 

Area of steam port (supply), 10 sq. in. 
Length of steam port (supply), 9/^ in. 
Width of steam port (supply), 1 J in. 
Width of steam passage, IJ in. 
Length of steam passage, 9^*^ in. 
Width of exhaust port, If in. 
Exhaust port area, 15 sq. in. 
Outside lap of slide valve, f in. 
Inside lap of slide valve, ^^ in. 



\ 
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Side lap of slide valve, f in. 

Width of bar, lU ia. 

Position of valve facing from centre line lOf in. 

Stroke of slide valve, 3f in. 

Diameter of slide valve rod, 1 J in. 

Stuffing box diameter, 2 J in. 

Depth of stuffing box, 2 in. 

Thickness of bush, J in. 

Depth of gland, 1 J in. 

Thickness of metal of stuffing box, J in. 

Diameter of studs, ^ in. 

Number of studs, 2. 

Clearance for slide, ^^ in. 

Depth of slide valve internally, 1| in. 

Thickness of body of slide, J in. 

Thickness of flange of slide,. | in. 

Position of rod from face, i J in. 



Slide Casing. 
Thickness of casing, } in. 
Thickness of flange, J in. 
Width of flange, 2f in. 
Diameter of studs, } in. 
Thickness of cover, f in. 
Diameter of studs, | in. 
Thickness of ribs, f in. 



Piston. 
Thickness of body, | in. 
Thickness of ribs, J in. 
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Diameter of packing ring studs, f in. 
Thickness of stud blocks, {J in. 
Side of stud block (square), 1 J in. 
Thickness of spring at thickest part, f in. 
Thickness of spring at thinest part, xV in. 



Piston Eod. 
Taper of rod in piston, J in. 
Depth of nut. If in. 
Diameter of screw, 2^ in. 
Diameter of securing bolts. If in. 
Thickness of T end. If in. 
Width of T end, SJ in. 



Cross Head or Connecting Pin. 
Diameter of cross head pin, 3| in. 



Guide Block. 

Bottom area of guide, 84 in. 

Length of bottom of guide, 12 in. 

Width of bottom of guide, 7 in. 

Thickness of bottom of guide, 1}. * 

Thickness of shoe, f in. 

Taper of adjusting part of shoe, J in. 

Diameter of adjusting stud, f in. 

Length of bearing of connecting pin, 4J in. 

Thickness of back part, 1 J in. 

Thickness of front part, f in. 



156 BUBGH^S PRACTICAL BULBS FOB 

Depth of recess for soft metal, J in. 
Thickness of cap, If in. 
Width of oalp, SJ in. 
Diameter of securing bolts. If in. 



Connecting Eod. 

Length of connecting rod, 4 ft. 8 in. 

Length of fork from centre of eye, 7 J in. 

Width of each fork, 3 in. ^ 

Thickness of fork, 1 J in. 

Thickness, of metal around pin, 1 J in, 

Width of eye. If | in. 

Diameter of connecting rod (fork end), 2f in. 

Diameter of connecting rod (crank end), 2J in. 

Diameter of connecting rod (at centre), 8j% in. 

Diameter of crank pin, 3f in. 

Length of bearing, 5^ in. 

Thickness of brasses at the end, | in. 

Thickness of sides of brasses, f in. 

Diameter of adjusting bolts. If in. 

Thickness of metal between brass and side of 

bolt, J in. 

Thickness of brass at extremities of bearing, 
A in. . 

Thickness of flanges of brasses, f in. 

Thickness of the head of connecting rod beyond 

. brasses, If in. 



ECCBNTBIC. 

Throw, 1| in. 
Thickness of boss, 1 J in. 
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Thickness of ribs, ^^in. 

Number of ribs, 8. 

Thickness of ring, | in. 

Depth of recess, t\ in. 

Thickness of sides of reces3, A. in. 



BCCBNTRIO EOD BAND AND BOLTS. 

Diameter of eccentric rod, T ©nd. If in. 
Length of eccentric rod, 4 ft. 8 in. 
Diameter of eccentric rod at middle, 2 in. 
Diameter of eccentric rod at lever end, If in. 
Diameter of each bolt and stud, 1^ in. 
Thickness of T end, 1 J in. 
Thickness of band, f in. 
Thickness of flanges of band, \l in. 
Width of band, 2| in. 
Diameter of weigh shaft, 2| in. 



Main Framing. 

Thickness of metal, f in. * 
Width of each side of frame, 7 J in. 
Depth of frame, 8xV in. 
Distance between centre of sides, 14/^ in. 
Height of facing projections, -A i^« 
Diameter of bosses^of securing bolts (6), 2| in. 
Length of guide channel, 2 ft. 7 in. 
Thickness of flange part of guide channel, 1| in. 
18 
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Difmieter of flange studs, 1} in* 

Pitch of bolts/10 in. 

Thickness of metal on each side of bolts, | in. 

Thickness of metal n^der guide, If in. 

Diameter of holding down bolts (6), If in. 

Diameter of lever weigh shaft boss, 5 in. 

Thickness of bush, /^ in. 

Diameter of crank shaft bearing, 4| in. ' 

Length of bearing, 6f in. 

Position of centre of bearing from centre iine of 

framing, 10 in. 
Thickness of brass of bearing, | in. 
Diameter of adjusting bolts, 1| in. 
Thickness of cap, 2 J in. 
Thickness of metal between brass and side of 

bolts^ i in. 
Thickness of metal above side of adjusting boll^ 

I in. 
Thickness of clip, j\ in. 



Cbank and Shaft. 
Area of the crank, 16.91 sq. in. , 
Thickness of crank, 3f in. 
Width of crank, 5 J in. 
Diameter of shaft beyond bearing, 5 J in. 



Fly Wkeel. 
Weight of rim, 2 tons 10 cwt. 
Diameter to centre of rim, 8 ft. 3 in. 



o 
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Cubical oontents of rim; 21|292 oub* in. 

Depth of rim, 11 in. 

Width of rim, 6^ in. 

Diameter of boss, 12 in. 

Length of ufym, 11} in. ' 

Number of arms, 6. 

Sectional area of arm, 11 in. 

Width of arm at rim, 5| in. 

Taper of arm (in whole length), 1 J in. 

Area of connecting bar, 16 sq. in. 

Width of connecting bar, 3 in. 

Depth of connecting bar, 6 in. 

Depth of key, 8 in. 

Width of key, | in. 

Width of boss rings, 2 J in. 

Thickaess of boaa rings, 1| in. 



Fesd Pump. 

Cubical contents, 46.6 cub. in. 
Stroke of pump, 6| in. 
Diameter of plunger, 8 in. 
Thickness of body of plunger, f in. 
Thickness of end, i in. 
Diameter of plunger pin. If in. 
Diameter of stuflSlng.box, 4} in. 
Depth of stuffing box, 2 J in. 
Depth of gland. If in. 
Diameter of gland studs^ | in. 
Thickness of flange, | in. 



\ 
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Thickness of body of pump (cast iron), f in. 
Area of valve, 4.594: sq. in. 



Feed Pump Eelibf Valve. 

Diameter of valve, 2 J in. 
Diameter of spring, 2^ in. 
Diameter of each coil, ^ in. 
Number of coils, 7. 
Space between coils, f in. 
Diameter of valve spindly J in. 
Thickness of valve. J in. 



Governor. 

Height of plane line from suspension, 12f in. 

Number of revolutions per minute, 52. 

Diameter of mitre gear, 5f in. 

Pitch of teeth, | in. 

Diameter of weigh shaft, 1 J in. 

NiHnber of revolutions of engine, 64. 

Diameter of spindle, 1 J in. 

Diameter of pendulum, yj in. 

Diameter of connecting levers, f in. 

Diameter of pins, f in. 

Thickness of lever slide, y^^ in. 

Thickness of metal of top, /^ in. 

Thickness of metal of governor bracket, f m. 

Diameter of spindle and rods for governor valve, 

J in. • 

Diameter of balls, 5 J in. 
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Dimensions of a Condensing Beam Enginb 

OF 150 HP Nominal. 
Diameter of cylinder, 57 in. 
Stroke of engine, 9 ft. 
Area of port supply for equilibrium valve, 172 

sq. in. 
Length of ports, 40 in. 
Width of ports, 4f in. 
Diameter of piston rod, 6f in. 
Diameter of stuffing box, 10 in« 
Depth of stuffing box, 1 ft. 11 in. 
Depth of gland, llj in. 
Diameter of gland bolts. If in. 
Number of gland bolts, 4. 
Thickness of body of cylinder, allowing for rebor- 

ing. If in. 
Thickness of cover, 1 in. 
Diameter of studs, 1^ in 
Thickness of ribs, f in. 
Diameter of bolts for securing cylinder, 8^ in. 
Thickness of flange, 1| in. 
Thickness of equilibrium valves, casing, or nozzle, 

1 in. 
Diameter of securing stud of casing, 1 in. 
Thickness of flanges, 1 in. 
Area of valve (supply) equilibrium, 115 sq. in. 
Diameter of .valve (supply) equilibrium^ 12 J in. 
Area of exhaust valve, 172 sq. in. 
Diameter of exhaust valve, 14 J in. 
Angle of mitre, 45®. * 
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Width of mitred part of valve seat (mitre), | in- 

Depth of valve between seats, 4| in. 

Thickness of valve, f in. ^ 

Diameter of studs for securing valve seats, { in. 

Diameter of valve rod, 1| in. 

Stuffing box diameter, 8- in. 

Depth of stuffing box, 8 in. 

Depth of gland, 2^ in. 

Diameter of studs for gland of valve's rod, J in. 

Number of studs for gland of valve's rod, 2. 

Diameter of cam shaft, 4} in. 

Length of main beam (cast iron)^ 86 ft. 

Length of piston connecting rod, 4 ft, 6 in. 

Length of parallel rod, 8 ft. 8 in. 

Length of radius rod, 10 ft. 

Diameter of piston connecting rod, 5{ in. 

Diameter of parallel connecting rod, 2| in. 

Diameter of parallel rod, or bar and radius rod, 

2f in. 
Diameter of radius rod and parallel bar weigh 

shaft, 8^ in. 
Diameter of piston cap pin, 7 in. 
Diameter of beam end pin, 7 in. 
Depth of main beam at middle, 5 ft. 
Diameter or depth at end, 2 ft. 
Thickness of beam (2 parts or sides), 1 J in. 
Thickness of ribs of beam, 1 J in. 
Width of ribs and web, 4^ in. * 
Diameter of gudgeon, llj in. 
Diameter of bosses for pins, 1 ft. 5J in. 
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Deptli of bosses for pins, 9* in. 
Diameter of gudgeon boss, 1 ft. 11 in. 
Thickness of ribs, 1 in. 



Connecting Rod. 

Length of connecting rod, 27 ft. 

Area at centre, 127 sq. in. 

Width of cross part, 20 in. 

Diameter of crank pin, 8 in. 

Length of crank pin, 12 in. 

Length of crank end of connecting rod, 10 ft. 

Sectional area at crank end, 42 sq. in. 

Diameter of connecting rod at termination of 

cross, crank end, 15 in. 
Diameter of connecting rod at termination of 

cross, beam end, ISJ in. 



Crank Shaft. 
Diameter of crank shaft, 14f in. 



Crank Wrought Iron. 

Thickness of metal of boss around shaft, 5J in. 
Thickness of metal of boss around pin, 2f in. 
Area of cranK ajb centre, 162 sq. in. 
Depth of boss for ^haft end of crank, 14f in. 
Depth of boss for pin end of crank, 8 in. 
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Qejlb fob Wobking^Yalves. 

Diameter of gear shaft, 6| in. 
Pitch of mitre gear, If in. 
Diameter of wheel, 1 ft. 10 in. 



Fly Wheel. 

Diameter of fly wheel at centre of rim, 25 ft. 

Weight of rim, 16 tons. 

Depth of rim, 16 in. 

Width of rim, 9 in. 

Area of rim, 186 sq. in. 

Number of arms, 8. 

Sectional area of each arm, 44 sq. in. 

Width of arm at rim, 1 ft. 

Diameter of centre of wheel, 6 ft. 

Diameter of bolts for securing arms. If in. 

Width of key, f in. 

Thickness of boss, 6| in. 

Length of boss, 23 in. 

Thickness of body, 1| in. 

Thickness of ribs, 1| in. 

Thickness of rings. If in. 

Width of rings, 8 J in. 



Pumps 

Cubic contents of air pump (single acting), 22 ft. 
Cubic contents of condenser, 28 ft. 
Stroke of air pump, 8 ft. 
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Diameter of air pump, 8 ft. 1 in. 
Cubic contents of cylinder, 159 ft. 
Cubic contents of feed pump, 1537 in. 
Stroke of feed pump, 8 ft. 
Diameter of feed pump, 7f in. 
Diameter of air pump rod, 4J in. 
Diameter of feed pump rod, If in. 



Proportions op a Pair op Marine Screw 
Engines 200 HP collectively. 

Diameter of cylinder, 46f in. 
Area of cylinder, 1705.54 sq. in. 
Length of stroke, 2 ft. 6 in. 



Cylinder. 

Thickness of metal of cylinder, 1 J in. 

Thickness of metal of steam passage, } in. 

Thickness of flanges, 1 J in. 

Diameter of flange studs, 1 J in. 

Pitch of bolts, about 9 in. 

Thickness of cover, f in. 

Thickness of ribs, f in. 

Diameter of boring hole, 10 in. 

Area of opening (or travel of valve from edge of 

port), 93| sq. in. 
Area of port, 142f sq. in. 
Width of opening, 2| in. 
Length of port, 83 J in. 
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Width of port, 4^ in. 
Length of exhaust port, 88| in. 
Width of exhaust port^ 9} in. 
Width of bar 1 J in. 

Slide Yalve. 
Outside lap of valve, If in. 
Inside lap of valve, /y in» 
Width of exhaust space, 12^ in. 
Diameter of valve rod, 1| in. 
Width of slide ring, 1 J in. 
Thickness of slide ring, 1 in. 
Thickness of packing ring, 1 in. 
Depth of recess in packing ring, 1 J in 
Diameter of set screws, f in. 
Pitch of set screws, lOJ in. 



Valve Casing. 
Thickness of metal, f in. 
Diameter of bolts or studs, | in. 
Thickness of flanges, | in. 
Thickness of cover of casing, | in. 
Thickness of ribs of flanges, f in. 
Thickness of ribs of cover, /^ in. 
Depth of ribs of cover, 4 in. 
Diameter of securing studs of cover, | in. 



Piston. 
Depth of piston, 5 in. 

Thickness of body, 1 in. 
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Thickness of metal around rods, 2 in. 

Thickness of ring spring opposite slit, 1 in. 

Thickness of ring spring at slit, | in. 

Thickness of packing ring, 1 J in. 

Diameter of packing ring studs, f in. 

Diametel* of fisice ring studs, | in. 

Width of face ring. If in. 

Thickness of face ring, 1 in. 

Thickness of stud -blocks, | in. 

Side of square blocks. If in. 

Piston rod (2 rods) diameter, 4 J in. 

Diameter of stuffing box, 6| in. 

Depth of stuffing box, 4 in. 

Depth of gland, 8 in. 

•Diameter of oil chamber, 6| in. 

Thickness of metal of oil chamber, ^^ in. 

Depth of stuffing box beyond oil chamber, 1 J in. 

Diameter of gland, 5| in. 

Diameter of studs for main gland (3), 1 J in. 



Condenser. 
Cubic contents (for two cylinders), 9 fk. 
Thickness of body, 1 in. 
Thickness of securing flanges, 1 J in. 
Thickness of doors, | in. 
Diameter of securing studs (doors), | in. 

Air Pump. 
Cubic contents of air pump (double acting), 2.9 ft. 
Stroke^f air pump, 2 ft. 6 in. 
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Diameter of pamp, 14} in. 
Total area of one set of valves, 128 sq. in. 
Area of openingsin one valve, 16 sq 
Number of one set of valves, 8. 



Yalves, etc. 

Diameter of valves, 6J in. 

Thickness of valve, 4 in. 

Lap of valve, j% in. 

Lift of valve, 1 J in. 

Thickness of flange, ^^ in. 

Diameter of securing studs, f in. 

Thickness of ribs, t^ in. 

Depth of ribs, f in. 

Diameter of securing bolts for guards, f in. 

Diameter of boss of securing bolts, 1 J in. 

Eadius of curve of guard, 3 J in. 

Thickness of guard, y'^ in. 

Diameter of exhaust steam pipe, 19 in. 

Area of injection (water), 11 sq. in. 

Diameter of injection pipe, 3| in. 

Thickness of lining of air pump, f in. 

Depth of piston, 4 in. 

Thickness of metal of body of piston, y\ in. 

Thickness of ribs (5), /j in. 

Diameter of air pump rod, 2f in. 

Proportions of stuffing box and gland slU for piston 

rod. 
Area of exhaust pipe (water) 188.69 sq. in. 
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Diameter of exhaust pipe (water), Iff J in. 

Area of snifting valve, 7 sq. in. 

Diameter of snifting valve, 3 in. 

Length of openings of injection valve, 3J in. 

Width of openings, | in. 

Number of openings, 8. 

Thickness of metal of body, y'j in. 

Thickness of flanges, f in. 

Diameter of valve rod, f in. 



Feed Pump. 

Length of stroke, 2 ft. 6 in. 
Cubic contents, 229.80 in. 
Area of plunger, 7.66 sq. in. 
Diameter of plunger, 3J in. 
Thickness of plunger, f in. 
Diameter of pump rod, 1 J in. 
Area of feed valve, 7 sq. in. 
Diameter of opening in valve, 4J in. 



Guide Block. 

Area of guide block face, 13.5 sq. in. 
Length of guide block fece, 1 ft. 6 in. 
Width of guide block face at bottom, 7 J in. 
Width of guide block face at top, 2 in. 
Thickness of guide, If in. 
Diameter of securing cap bolts, 3 J in. 
Thickness of metal around bolt, J in. 
J5 
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Diameter of l^lt head, 4| in. 
Thickness of bolt head, If in. 
Diameter of pin, 5f in. 
Diameter of bearing, 5f in. 
Length of bearing, 7J in. 
Thickness of metal at back, 1| in. 
Thickness of metal at front, 1^ in. 
Thickness of metal of projection, 1 in. 
Thickness of metal of block, | in. 
Diameter of screw of shoe, f in. 
Thickness of cap, 2| in. 
Sectional area of cross head, 24 sq. in. 
Width, 5 J in. 
Thickness of cap, 2| in. 



Guide Frame. 

Thickness of flange, IJ in. 

Thickness of bottom of channel, 1 J in. , 

Diameter of flange securing bolts, IJ in. . 

Pitch of bolts, lOJ in. • 

Thickness oC^metal of body and ribs, 1 in. 

Width of ribs, 6 in. 

Thickness of flanges, IJ in. 

Diameter of securing studs or bolts, 1 J in. 



CONNECTlNa EOD 

Length of connecting rod, 6 ft. 3 in. 

Diameter of connecting rod at guide end, 4J in. 
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Diameter of connecting rod, crank end, 6J: in. 

Diameter of connecting rod in centre, 5 J in. 

Width -of ^ each fork, 5f in. 

Thickness of each fork, 2J ia. 

Space between forks, 7 J in. 

Diameter of eye, 9f in. 

Width of eye, 8f in. 

Length from eentre of qye, 11 J in. 

Diameter of bearing (crank), 9 in. 

Thickness of brass, IJ in. 

Thickness of caps, 8 in. 

Diameter of bolts, 3J in. 

Diameter of heads, 4| in. 

Thickness, If in. 

Solid Link. 
Area, 6.187 sq. in. 

Thickness of link, 2f in. 

Width of link, 2J in. 

Length of sliding block, 4 in. * 

Thickness of block ff ont, back and sides, 4 in. 

Diameter of projection, l| in. 

Length of J)rojection, 1 J in. 

Width of portion secured to valve rod, 8f in. 

Diameter of securing studs (3), \ in. 



Eccentric Bands, Bolts, and Bods. 
Throw of eccentric, 4f sq. in. 
Area of solid link pin, 2.073 sq. in. 
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Diameter of solid link pin, If in. 

Area of baiid bolts, 1.767 sq. in. 

Diameter of band bolts, 1 J in. 

Width of band, 3 in. 

Thickness of boss of eccentric, 1 J in. 

Thickness of rim and arnjs, 1 J in. 

Depth of recess, j\ in. 

Width of rim, arms, and boss, SJ in. 

Thickness of band, 1 in. 

Thickness of internal brass hoop, J in. 

Width of projection of brass hoop, 1 J in. 

Diametel* of eye, 3 J in. 

Width of eye, 1 in. 

Area of eccentric rod at eye, 2.625 sq. in. 

Width of rod, 3 in. 

Thickness at eye, | in. 

Thickness of bolt's flange, 1 J in. 



Cbank and Shaft. 

Throw of crank, 1 ft. 3 in. 

Diameter at bearing, 9 in. 

Diameter beyond bearing, lOJ in. 

Length of bearing, 18 in. 

Diameter of crank pin, 9 in. 

Length of crank pin, 6f in. 

Area of each crank at centre, 46.828 sq. in. 

Width of each crank at centre, 10 j in. 

Thickness of crank, 4f in. 

Taper of sides of crank, 1 J in. 
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Main Frame.- 
Thickness of brass between flanges, 1 in. 
Length of brass between flanges, 12 in. 
Thickness of flange, f in. 
Thickness of brass at ends, f in. 
t)iameter of securing bolts for cap, SJ in. 
Space between bearing and side of bolts, ^^ in. 
Width of bolt's keys, 8^ in. 
Thickness of bolt's keys, J in. 
Diameter of stay, 8J in. 
Thickness of securing head, 1| in. 
Area x)f securing bolt for head, 2.07.8 sq. in. 
Diameter of securing bolt (4) for head. If in. 
Thickness of cap (wrought iron), 3f in. 
Thickness of metal of framing beyond bearing, 

^ in. 
Thickness of metal around securing cap bolts, 

If in. . 
Thickness of metal of framing, IJ in. 
Depth and width of ribs, 8f in. 
Thickness of bottom flange. If in. 
Width of flange, 9 in. 

Diameter of securing bolts or coach screws. If in. 
Pitch of flange securing bolts, 14 J in. 



Thrust Block and Screw Shaft Block. 

Number of rings, 7. 
Width of each ring, 1 J in. 
Space between rings, IJ in. 
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Depth of rings, 1 in. 

Thickness* of brasses, 1 in. 

Number of staying recesses, 8. 

Number of bolts for securing cap, 4. 

Diameter of bolts, 1 J in. 

Thickness of cap and bottom of block, 2 J in. 

Depth of cap bolts, lugs, or bosses, 4 J in. 

Thickness of metal around bolts, 1 in. 

Diameter of bolts for securing block and sole 

plate, IJ in. 
Diameter of the bolts for securing block to plate, 

also secure the sole to frame, 1 J in. 
Nuniber of bolts, 6. 

Thickness of sole plate, ribs, and bottom, 2^ in. 
Length of sole plate beyond thrust part of block 

towards engine, 9 in. 
Length of block and sole plate, beyond block 

towards screw, 2 ft. 2 in. 
Length of plummer block for shaft, 12f in. 
Diameter of cap bolts, 1 J in. 
Thickness of brasses, f in. 
Thickness of cap and bottom of block, If in. 



TuBNiNa Geab and Coupling. 

Diameter of wheel, 4 ft. 
Diameter of worm, 6 in. 
Pitch of teeth, 2 J in. 
Length of worm, 10 in. 
Diameter of worm shaft, 2 J in. 



J 
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Diameter of wheel boss, 1 ft. 6 in. 

Thickness of rim and body of wheel, 1 J in. 

Length of boss, 9 in. 

Area of bolts, 49.576 sq. in. 

Number of bolts, 7. 

Diameter of bolts, 3 in. 

Thickness of coupling at pitch line, 4 in. 

Thickness of metal beyond bolt, 2J in. 

Length of arm of ratchet, 7 ft. 6 in. 



Wrought Iron Coupling. 

Thickness of disc, 8 in. 
Area of bolts, 49.576 sq. in. 
Diameter^ bolts, 8 in. 
Number of bolts, 7j 



Stern Tube and Stuffing Box. 

Length of provisional bearing of friction part at 

stern end, 18 in. 
Thickness of tubes, } in. 
Depth of stuffing box, 22 J in. 
Depth of gland, 5 J in. 
Thickness of gland, 1 in. 
Diameter of gland bolts, 1 in. 
Number of gland bolts, 5. 
Diameter of bolts for securing stem tube, 1 in. 
Pitch of bolts, 8 in. 
Thickness of flange, 1 in. 
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Screw Propeller. 
Diameter of sorew, 11 ft. 
Pitch, 1& ft. 6 in. 
Diameter' of bearing, 11 J in. 
Diameter of boss, 13 J in. 



Banjo, or Liftino Frame. 

Diameter of lifting pin, 3 in. 

Thickness of body of frame, J in. 

Width of sides of frame, 6| in. 

Depth of cross part (midway from centre to 

sides), 18 J in. * 
Depth at centre, 1 ft. 8J in. 
Diameter of rope pulley, 1 ft. 
Thickness of bodj-, J in. 
Diameter of bosses, 4 J in. 
Width of groove, 3 in. 
Diameter of pin, 1| in. 
Diameter of catch pin. If in. 
Diameter of boss for catch pin, 2f in. 
Depth of catch, 2| in. 

IJiaraeter of screw for adjusting stop lever, l|in. 
Depth of stop lever at centre, 6 in. 
Thickness of stop lever, 3 in. ^ 

Depth of lever at boss and clutch, 8 in. 
Thickness of catch at joint, If in. 
Thickness of bottom of bearing block and cap, 

2| in. 
Thickness of tube, f in. 
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Thickness of each strip of lignum vitsB,* J in 
Width of each strip of ligntim vitae, 1 J in. 
Thickness of metal between strips, iV i°- 
Diameter of bolts in cap (4), If in. 



Stern Bracket. 

Thickness of metal, | in. 
Diameter of securing bolts, 1 in. 
Proportion of lignum vitas strips as before. 
Pitch of ratchet, 2 J in. 



Proportions of Oscillating Engines of 400 

HP collectively. 

Diameter of cylinder, 74 J in. 

Length of stroke, 6 ft. 

Thickness of metal. If in 

Area of steam (2) ports supply opening, 200 sq. in. 

Length of steam ports supply, 37 in. 

Width of exhaust, (1) 6^5 in. 

Outside lap of valve, 1 J in. 

Inside lap of valve, J in. 

Width of opening (caused by slide), 2f in. 

Width of port 4J in. 

Width of bar in cylinder, 4 J in. 

Width of flange of valve, 4J in. 

Length of piston rod, 10 ft. 6 in. 

Diameter of piston rod, 9 in. 

Diameter of cap bolts (2), 4J in. 
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Thicknees of cap and head, 4| in. 

Thickness of brasses. If in. 

Depth of key, 9 in. 

Thickness of key, 2 J in. 

Diameter of stuffing box of piston rod, 13 J in." 

Depth of stuffing box of piston rod, 9 in. 

Depth of bush, 1 ft. 8 in. 

Thickness of bush, ^ in. 

Depth of gland, 4J in. 

Thickness of metal of stuffing box, 2 J in. 

Diameter of oil cup, 13 J in. 

Depth of oil cup, 4J in. 



Tbunnions and Stkam Passages. 

Area of steam passages, 229 sq. in. 

Width of steam passage, 6^^ in. 

Length of steam passage, 37 in. 

Thickness of metal of passage. If in. 

Area of steam openings in trunnions, 458 sq. in. 

Thickness of metal of steam pipe^ f in. 

Diameter of opening, 24J in. 

Length of bearing of trunnions, 12 in. 

Thickness of gland, 2 in. 

Thickness of metal of trunnion, at neck, 4J in. 

Thickness of trunnion at stuffing box, 3 in. 

Thickness of flange of trunnion, 3 in. 

Depth of stuffing box, 14J in. 

Depth of gland, 55 in. 

Diameter of gland studs, 1 J in. 
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Pitch of studs in gland and flange of pipes, 10 in. 

Thickness of brasses for trunnion, 2 J in. 

Thickness of cap (cast iron), 8 J in. 

Diameter of bearing, 2 ft. lOJ in. 

Diameter of cap bolts, (2) 4f in. 

Diameter of securing bolts, 4f in. 

Thickness of metal under trunnion brasses, 8J in. 



Air Pump and Condenser. 
Cubical contents of one cylinder, 180 ft. 
Cubical contents of condenser, 45 ft. 
Cubical contents of each air pump, 22.5 ft. 
Stroke of air pump, 3 ft. 
Diameter of air pumps (2), 3 ft. 1 J in. 
Area of valves, 272 sq. in. 
Diameter of connecting rod, 4f in. 
Diameter of pin for piston, 4f in. 
Thickness of trunk at neck, /^ in. 
Area of cap bolts (each) 4.43. ^ 
Diameter of cap bolts, 2f in. 
Thickness of. keying socket. If in. 



Crank Shaft. 
Diameter of crank shaft, 15f in. 
Length of bearing, 2 ft. 6| in. 



Crank Pin. 
Diameter of crank pin, lOJ in. 
Length of bearing, 1 ft. 3| in. 
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Cranks. 

Depth of shaft eye, 15f in. 

Depth of pitfs eye, lOJ in. 

Extreme diameter of eye (pin's), 19J in. 

Extreme diameter of eye (shaft). 25| in. 

Sectional area of each web of crank, 140 sq. in. 



Lower Frame. 
Thickness of metal of frame, IJ in. 
Depth of frame, 2 ft. 6 in. 
Diameter of securing studs, IJ in. 



Entablature. 
Diameter of cap bolts (2), 5 J in. 
Thickness of cap (cast iron), 7| in. 
Thickness of brass, If in. 
Thickness of metal of body. If in. 
Thickness of solid sides of frame, 2f in. 
Diameter of flange bolts, If an. 
Thickness of flange, IJ in. 
Depth of solid sides, 19- in. 
Depth of frame beyond brass of bearing, 23 in. 
Thickness of metal under brass, 4 in. 
Diameter of stays (2) to each bearing of crank 

shaft, 5J in. 
The remaining portions are as for screw engines. 



Paddle Wheels. 

Draught of ship, 10 ft. 
Immersion of floats, 5 ft. 
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Number of floats immersed, 4. 

Diameter of paddle at centre floats, 80 ft. 

length of. float, 9 ft. • 

Width of float, 4 ft. 

Number of floats, 14. 

Area of each float, 86 ft. • 



Details of Paddle Wheels. 

Diameter of centre, 8 ft. 
Thickness of metal of boss, 8 J in. 
Length of boss, 2 ft. 6f in. 
Diameter of eccentric shafts 6f in. 
Thickness of bushes, f in. 
Area of lever shaft, 6.4918. 
Diameter of lever shaft, 2| in. 
Diameter of lever pin, 2f in. 
Diameter of radius rods, 2f in. 
Thickness of metal of eccentric, 1 J in. 
Diameter of boss of eccentric Bhaft, 13| in. 
Width of paddle wheel rings, 3| in. 
Thickness of paddle wheel rings, 1 J in. 
Position of rings j&om ends of float, 2 ft. 8 in. 



Proportions of a Land Boiler for a 20 HP 

Engine. • 

Number of square feet of Jieating surface, 226 

sq. ft. 
Length of boiler, 23 ft. ^ in. 
16 
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Diameter of boiler, 5 ft. 6 in. 

Diameter of tube, 2 ft. 9 in. 

Depth of water line ft-om top of boiler, 1 ft. 10 in. 

Height of water line from top of tube, 6J in. 

Curved length of flues, 3 ft. 

Heating surface of tube, 98 sq. ft. 

Heating surface of bottom flue, 63 sq. ft. 

Heating surface of side flues, 66 sq. ft. 

Grate and fire bar surface, 18 sq. ft. 

Area of side flues, 4.5 sq. ft. 

Area of bottom flue, 4.5 sq. ft. 

Width of bottom flue, 2 ft. 9 in. 

Width of side flue, 10 in. 

Length of grate, 6 ft. 6 in. 

Area of safety valve, 18 sq. in. 

Length of lever, 1 ft. 10 in. 

Weight in lbs. on end of lever, 81 lbs. 

Diameter of weight, 8 in. 

Depth, 6J in. 

Pressure against valve in lbs., 720 lbs. 

Distance from point of suspension to centre of 

valve, 2} in. 
Pressure in lbs. per square inch, 40 lbs. 



Marine Boiler (Proportions) 200 HP 

NOMINAL. 

Total heating 5urfac#of tubes, 2500 sq. ft. 
Diameter of tubes externally, 2 J in. 
Length of tubes, 6 ft. 6 in. 
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l^umber of tubes, 500. 

Internal diameter of tubes, 2 J in. 

Bake of inclination of tubes, 2J in. 

Water space, 5 in. 

Diameter of stays, 1 J in. 

Position of stays at right angles above fire boxes, 

15 in. 
Position of stays at sides and bottom of fire boxes, 

18 in. 
Number of fire boxes, 5. 
Widtb of fire box at tube, 2 ft. 10 in. 
Eire bar or grate surface for one box, 20 sq. ft. 
Length of fire bar grate surface, 6 ft. 8 in. 
Width of fire bar grate surface, 3 ft. 
Eadius of top and bottom curves, 3 ft. 
Area of fire box at grate, 10 sq. ft. 
Depth of fire box at grate, 3 ft. 6 in. 
Radius for small curves, 8 in. 
Width of fire door opening, 2 ft. 8 in. 
Cubic contents of steam capacity, 600 ft. • 
Height of water line above fire box at tube end, 

7 in. 
Width of fire box at back end, 18 in. 
Width of smoke box at bottom, 16 in. 
Area of opening in uptake, 15 sq. ft. 
Diameter of surface blow off pipe, 8 in. 
Diameter of bottom, 4 in. 
Area of funnel (4 boilers), 46 sq. ft. 
Diameter of funnel, 7 ft 2 in. 
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Height of water line of ship above top of boiler, 

14 in. 
Funnel to be telescopic. 
Diameter of wheel shaft, 3 in. 
Diameter of wheel, 22 in. • 

Pitch of teeth, 2 in. " 
Diameter of worm, 5 J in. 
Radius of handle, 14 in. 



Safety Yalve. 

Area of valve in square inches, 33. 

Diameter of valve, 6} in. 

Diameter of valve spin3le. If in. 

Diameter of weight, 13 in. 

Pressure in lbs. against the valve, 660 lbs. 

Thickness of casing, | in. 

Depth of guide ribs of valve, 3 J in. 

Diameter of lifting lever of weigh shaft, If in. 

Length of lifting lever, 6| in. 

Lift of valve, 1| in. 



Superheating. 

Length of tubes, 3 ft. 
Total surface of tubes in square feet, 800. 
Internal diameter of tubes, 3| in. 
Thickness of metal of tubes, J in. 
Number of tubes, 256. 
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Tabt.f. of Spbcific Gbavitibs. 






Weight of 


' a Cnbie 




Inch in lbs. 


Copper, cast 


'. . . • • • 


.3178 


Iron, cast ... 


• • • • • . 


.263 


Iron, wrought 


••• • •• 


.276 


Lead ... ... 


, ••• ..• 


.4103 


Stee! 


• • • • • • 


.282T 


Gun metal 


... • • • 


.3177 


Gravity 


• 

OF Water. 


« 


1 cubic foot 


— 6.25 imperial gallons. 


11.2 imperial gallons 


— 1 cwt. 




224 


»= 1 ton. 




1 cubic ft. of sea water 


= 642 lbs.. 




34.9 


= 1 ton. 


• 


277.274 cubic inches 


— 1 imperial gallon. ^ 


1 gallon of fresh water 


— 10 lbs. 


1 


1 gallon of sea water 


— 10.25 lbs. 

 » 





Algebraic Signs as applied in Mechanical 

Calculations. 

= Sight of equaUty, and signifies equal to, as 2 

added to &=7. 
+ Sign of addition, and signifies plus or more, as 

4+2 = 6. 
— Sign of subtraction, and signifie& minus or 

less, as 7 — 5 = 2. 
X Sign of multiplication, and signifies multiplied 

by, as 7 X 6 = 42. 
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-^ Sign of division, and signifies divided by, as 
20-^^ = 4. 

_. ^ f evolution, or the extrac- 

V' Sigu of square root > ^.^^ ^^ ^^^^^^ 

V Sign of cube root i _ 9^729 = 9 



FrftfltloBs 


Doelmal 






of % Foot in 


Valne tn 


Area in Feet. 


Ciieumferenoe in feet. 


Inches. 


Feet. 






11 • 


.9166 


.6598 


2.879 


10 


.8333 


.54537 


2.617 


9 


.76 


.44178 


2.356 


8 


.6666 


.33779 


2.094 


t 


.5833 


.26722 . 


1.832 


6 


.5 


" .19636 


1.57 


5 


.4166 


.1363 


1.308 


4 


.3333 


.08724 


L047 


3 


.26 


.04908 


.7864 


2 


.1666 


.02179 


.5233 


1 


.0833 


.00544 


.2616 


1 


.07291 


.00417 


.22907 


' 1 


.0626 


.00306 


.19635 




.05208 


.0028 . 


.16362 


1 


.04166 


.00136 


.130899 




.03126 


.00076 


,098174 


;  


.02083 


.00035 


.06545 


" 


.01041 


.000085 


.032719 
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Fraetions of an 
Inch. 



Decimal Valae. 



MS15 

.9375 

.90625 

.875 

.84375 

.8126 

.78125 

.75 

.71876 

.6875 

.65625 

.625 

.59375 

.5625 

.53126 

.5 



Fractions of an 
Inch. 



i 



& 



Decimal Value. 



.46876 

.4375 

.40625 

.375 

.34375 

.3125 

.28125 

.25 

.21875 

.1875 

.16625 

.126 

.09375 

.0625 

.03125 



188 



bukgh's practical rules for 



A Table of Diametkbs, Areas, and Circumferences of 
Circles, from ^ of an Inch to 110 Inches. 



DU. 



t 

A 
i 

A 
i 
A 



H 
} 

il 

i 

if 

1 in. 

t 

A 



A 



* 

i 
H 

2m. 

t. 

A 
i 



Area. 



.0030 

.0122 

.0276 

.0490 

.0767- 

.1104 

.1503 

.1963 

.2485 

.3068 

.3712 

.4417 

.6185 

.6013 

.6903 

.7854 
.8861 
.9940 
1.1075 
L2271 
1.3529 
1.4848 
1.6229 
1.7671 
1.9175 
2.0739 
2.2365 
2.4052 
2.5801 
2.7611 
2.9483 

3.141« 
3.3411 
3.5465 

3.7582 
3.9760 



GircunoL 



.1963 

.3927 

.5890 

.7854 

.9817 

1.1781 

1.3744 

1.5708 

1.7671 

1.9635 

2.1598 

2.3562 

2.5525 

2.7489 

2.9452 

3.1416 

3:3379 

3.5343 

3.7306 

3.9270 

4.1233 

4.3197 

4.5160 - 

4.7124 

4:9087 

5.1051 

5.3014 

5.4978 

5.6941 

5.8905 

6.0868 

6.2832 
6.4795 
6.6759 
6.8722 
7.0686 



Dia. 



A 
K 

i 
A 



a 

i 
H 

i 
H 

Sin. 

A 
i 

A 

i 

A 

A 
8 

A 

i 

A 



* 
H 

i 



4 ia.' 

A 

i 

A 
i 

A 
* 
A 
i 



Area. 



4.2i01 

4.4302 

4.6664 

4.9087 

5.1573 

5.4119" 

5.6727 

5.9395 

6.2126 

6.4918 

6.7772 

7.0686 

7.3662 

7.6699 

7.9798 

8.2957 

8.6179 

8.9462 

9.2806 

9.6211 

9.9678 

10.3206 

10.6796- 

11.04i6 

11.4159 

11.7932 

12.1768 

12.5664 
12.9622 
13.3640 
13.7721 
14.1862 
14.6066 
15.0331 
15.4657 
15.9043 



Circnm. 



7.2649 
7.4613 
7.6576 
7.8540 
8.0503 
8.2467 
8.4430 
8.6394 
8.8357 
9.0321 
9.2284 

9.4248 
9.6211 
9.8175 
10.0138 
10.2102 
10.4065 
10.6029 
10.7992 
10.9956 
11.1919 
11.3883 
11.5846 
11.7810 
11.9773 
12.1737 
12.3700 

12.5664 
12.7627 
12.9591 
13.1554 
13.3518 
13.5481 
13.7445 
13.9408 
14.1372 



HODEBK ENGINBS AND BOILEBS. 



189 



DiAMSTKRS, Abkas, ito. — Conttniied. 



Di*. 



y f 

}' 

if 

5 in. 

t 

ft 
i 

t 

a 
i 

!• 

a 

6 in. 
I 

!• 

ft- 
ft 



ik 

i 
il 

I 



Area. 



16.3492 

ae.sooi 

17.2573 
17.7205 
18.1900 
18.6655 
19.1472 

19.6360 
20.1290 
20.6290 
21.1252 
21.6475 
22.1661 
' 22.6907 
23.2215 
23.7583 
24.3014 
24.8505 
25.4058 
25.9672 
26.5348 
27.1085 
27.6884 

28.2744 
28.8665 
29.4647 
30.0798 
30.6796 
31.2964 
31.9192 
32.5481 
33.1831 
33.8244 
34.4717 
35.1252 
35.7847 
36.4505 
37.1224 
37.8005 



Circam. 



14.3335 
14.5299 
14.7262 
14.9226 
15.1189 
15.3153 
15.5716 

15.7080 

15.9043 

16.1007 

16.2970 

16.4934 

16.6897 

16.8861 

17.0824 

17.2788 

17.4751 

17.6715 

17.8678" 

18.0642 

18.2605 

18.4569 

18.6532 

18.8496 
19.0459 
19.2423 
19.4386 
19.6350 
19.8313 
20.0277 
20.2240 
20.4204 
20.6167 
20.8131 
21.0094 
21.2058 
21.4021 
21.5985 
21.7948 



IMa. 



7 in. 

ft 



ft 

■f 

H 
} 

i 
Jf 

Sin. 

ft 

i 

ft 



Area. 



A 

i 

A 



i 

if 

i 

it 

9 in. 
V 



I 



A 

i 
A 



38.4846 
39.1749 
39.8713 
40.5469 
41.2825 
41.9974 
42,7184 
43.4455 
44.1787 
44.9181 
45.6636 
46.4153 
47.1730 
47.9370 
48.7070 
49.4833 

50.2656 

51.0541 

51.8486 

52.8994 

53.4562 

54.2748 

55.0885 ' 

55.9138 

56.7451 

57.5887 

58.4264 

59.7762 

60.1321 

60.9943 

61.8625 

62.7369 

63.6174 
64.5041 
65.3968 
66.2957 
67.2007 
68.1120 
' 69.0293 
69.9528 



Circnin. 



21.9912 
22.1875 
22.3839 
22.5802 
22.7766 
22.9729 
23.1693 
23.3656 
23.5620 
23.7583 
23.9547 
24.1510 
243474 
24.5437 
24.7401 
24.9364 

25.1328 
25.3291 
25.5255 
25.7218 
25.9182 
26.1145 
26.3109 
26.5072 
26.7036 
26.8999 
27.0963 
27.2926 
27.4890 
27.6853 
27.8817 
28.0780 

28.2744 
28.4707 
28.6671 
28.8634 
29.0598 
29.2561 
29.4525 
29.6488 
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DiAXBTBRS, Abbas, etc. — Continved. 



Ote. 






i 
i 

10 in. 



f 

A 



iV 



+* 



it 

i 

+♦ 

11 in. 
t 

TI 

f 

A 

I 

A 

A 



f 



Atml 



70.8823 
71.8181 
72.7599 
73.7079 
74.6620 
75.6223 
76.5887 
77.5613 

78.5400 
79.5248 
80.5157 

81.5128 
82.5160 
83.5254 
845409 
85.5626 
* 86.590^ 
87.6243 
88.6643 
89.7105 
90.7627 
91.8212. 
92.8858 
93.9566 

95.0334 

96.1164 

97.2053 

98.3008 

99.4021 

100.5097 

101.6234 

102.7432 

103.8691 

105.0012 

106.1394 

107.2838 

108.4342 

109.5909 

110.7536 

111.9226 



dream. 



29.8452 
30.0415 
30.2379 
30.4342 
30.6306 
30.8269 
31.0233 
31.2196 

31.416a 

31.6123 

31.8087 

32.0050 

32.2014 

32.3977 

32.5941 

32.7904 

32.9868 

33.1831* 

33.3795 

33.5758 

33.7722 

33.9685 

34.1649 

34.3612 

34.5696 
347539 
34.9503 
35.1466 
35.3430 
35.5393 
35.7357 
35.9320 
36.1284 
36.3247 
36.5211 
36.7174 
36.9138 
37.1101 
37.3065 
37.5028 



Dia. 



12 m. 

f 

A 

i 

A 

i 

A 



H 
i 

i 



13 in. 

i 

i 

i 
A 



H 
i 

i 



14 in. 



Area. 



13.0976 
142788 
15.4660 
16.6645 
17.8590 
19.0648 
20.2766 
21.4946 
22.7187 
23.9490 
25.1854 
26.4479 
27.6765 
28.8999 
30.1923 
31.4279 

32.7326 
34.0120 
35.2974 
36.5890 
37.8867 
39.1907 
40.5007 
41.8169 
43.1391 
44.4726 
45.8021 
47.1428 
48.4896 
49.8426 
51.2017 
52.5670 

53.9384 
55.3159 
56.6995 
58.0893 
59.4852 
60.8374 
62.2956 
63.7099 



drcnin. 



37.6992 
37.8955 
38.0919 
38.2882 
38.4846 
38.6809 
38.8773 
39.0736 
39.2700 
39.4663 
39.6627 
39.8590 
40.0554 
40.2517 
40.4481 
40.6444 

40.8408 
41.0371 
41.2338 
41.4298 
41.6262 
41.8225 
42.0189 
42.2152 
42.4116 
42.6079 
42.8043 
43.0006 
43.1970 
43.3933 
43.5897 
43.7860 

43.9824 
44.1787 
44.3751 
44.5714 
44.7676 
44.9641 
45.1605 
45.3568 
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Diameters, Areas, etc. — Continued. 



Dia. 



i 



i 
ft 

i 
it 

15 in. 

A 

i 

A 

f 

A 

i 

A 



f 

I* 

H 

16 in. 



f 

A 



A 



A 
I 

fi 

+1 

f 

If 



Area. 



165.1303 
166.5569 
167.9896 
169.4285 
170.8735 
172.3247 
173.7820 
175.2455 

176.7150 
178.1907 
179.6725 
181.1105 
182.6545 
184.1548 
185.6612 
187,1737 
188.6923 
190.2171 
191.7480 
193.3351 
194.8282 
196.3776 
197.9330 
199.4947 

201.0624 
202.6363 
204.2162 
205.8024 
207.3946 
208.9931 
210.5976 
212.2083 
213.8251 
215.4481 
217.0772 
218.7124 
220.3537 
222.0013 
223.6549 
225.3147 



drcum. 



45.5532 
45.7495 
45.9459 
46.1422 
46.3386 
46.5349 
46.7313 
46.9276 

47.1240 
47.3203 
47.5167 
47.7130 
47.9094 
48.1057 
48.3021 
48.4984 
48.6948 
48.8911 
49.0875 
49.2838 
49.4802 
49.6765 
49.8729 
50.0692 

50.2656 

50.4619 

50.6583 

50.8546 

51.0510 

51.2473 

51.4437 

51.6400 

51.8364 [ 

52.0327 

52.2291 

52.4254 

52.6218 

52.8181 

53.0145 

53.2108 



Dia. 



19 in. 



IV 



i 



3 

J. 

4 

A 

a. 

8 

A 



Area. 



226.9806 
228.6527 
230.3308 
232.0151 
233.7055 
235.4022 
237.1049 
238.8138 
240.5287 
242.2499 
243.9771 
245.710& 
247.4500 
249.1952 
250.9475 
252.7050 

254;'4696 
256.2398 
258.0161 
259.7986 
261.5872 
263.3820 
265.1829 
266.9900 
268.8031 
270.6225 
272.4479 
274.2895 
276.1171 
277.9610 
279.8110 
281.1672 

283.5294 
285.3978 
287.2723 
289.4030 
291.0397 
292.9324 
294.8312 
296.7367 



Circum. 



53.4072 
53.6035 
53.7999 
53.9962 
54.1926 
54.3889 
54.5853 
54.7816 
54.9780 
55.1743 
55.3707 
55.5670 
55.7634 
55.9597 
56.1561 
56.3524 

56.5488 
56.7451 
66.9415 
57.1378 
57.3342 
57.5305 
57.7269 
67.9282 
58.1196 
58.2159 
58.5123 
58.7806 
58.9056 
59.1013 
69.2977 
69.4940 

69.6904 
59.8867 
60.0831 
60.2794 
60.4758 
60.6721 
60.8685 
61.0648 
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DiAHETKBB, Arbas, btc. — CofUtnucd. 



DU. 



t 

+i 
} 

H 

i 

20 m. 

f 

« 
A 



i 

i 
if 

21 in. 






A 



+i 



i 



Area. 



298.6483 
300.5658 
302.4894 
304.4192 
306.3550 
30^2971 
310.2452 
312.1996 

314.1600 
316.1266 
318.0992 
320.0781 
322.0.630 
324.0542 
326.0514 
328.0548 
330.0643 
332.0800 
334.1018 
336.1297 
338.1637 
340.2040 
342.2502 
344.3028 

346.3614 
348.4267 
350.4970 
352.5740 
354.6571 
356.7465 
358.8419 
360.9435 
363.0511 
365.1650 
367.2849 
369.4110 
371.5432 
373.6816 
375.8261 
377.9768 



drcmn. 



61.2612 
61.4575 
61.6539 
61.8502 
62.0466 
62.2429 
62.4393 
62.6356 

62.8320 
63.0283 
63.2247 
63.4210 
63.6174 
63.8137 
64.0101 
64.2064 
64.4028 
64.5991 
64.7955 
64.9918 
65.1882 
65.3845 
65.5809 
65.7772 

65.7936 
66.1699 
66.3663 
66.5626 
66.7590 
66.9553 
67.1517 
67.3480 
67.5444 
67.7407 
67.9371 
68.1334 
68.3298 
68.5261 
68.7225 
68.9188 



Dia. 



22 in. 

t 

A 

i 

A 

t 
A 

A 



H 



i 
U 

231*0. 

P 

A 

i 

A 



A 



f 

1 
8 

H 

24 in. 
A 



A 

i 

A 

A 



Area. 



380.1336 
382.2965 
3844655 
386.6907 
388.8220 
391.0095- 
393.2031 
395.4029 
397.6087 
399.8207 
402.0388 
404.2631 
406.4935 
408.7301 
410.9728 
413.2317 

415.4766 
417.7377 
420.0049 
422.2783 
424.5577 
426.3434 
429.1352 
431.4331 
433.7371 
436.0473 
438.3636 
440.6811 
443.0146 
445.3539 
447.6992 
450.0418 

452.3904 
454.7497 
457.115Q 
459.4866 
461.8642 
464.2481 
466.6380 
469.0341 



CSrcnm. 



69.1152 
69.3115 
69.5079 
69.7042 
69.9006 
70.0969 
70.2933 
70.4806 
70.6860 
1^9.8823 
71,0787 
71.2750 
71.4714 
71.6677 
71.8641 
72.0604 

72.2568 
72.4531 
72.6495 
72.8458 
73.0422 
73.2385 
73.4349 
73.6312 
73.8276 
74.0239 
74.2203 
74.4166 
74.6130 
74.8093 
75.0057 
75.2020 

75.3984 
75.5947 
75.7911 
75.9874 
76.1838 
76.3801 
76.5765 
76.7728 



MODBBN ENGINES AND BOILEBS. 



les 



DiAMBTBRs, Areas, etc. — CorUmued. 



Dia. 



Area. 



25 in. 



if 



471.4363 
473.8447 
476.2592 
478.6798 
481.1065 
483.6395 
485.9785 
488.4237 

490.8750 

493.3325 

495.7960 

498.2657 

500.7415. 

503.2236 

505.7117 

508.2060 

510.7063 

513.2129 

515.7255 

518.2443 

520.7692 

523.3003 

525.8375 

528.3809 

530.9304 
533.4860 
536.0477 
538.6156 
541.1896 
543.7698 
546.3561 
548.9486 
551.6471 
664.1519 
666.7627 
559.3797 
562.0027 
564.6320 
667.2674 
569.4090 



Circnm. 



76.9692 
77.1655 
77.3619 
77.5582 
77.7546 
77.9609 
78.1473 
78.3436 

78.6400 
78.7363 
78.9327 
79.1290 
79.3254 
79.5217 
79.7181 
79^144 
80.1108 
80.3071 
80.5036 
80.6998 
80.8962 
81.0925 
81.2889 
81.4852 

81.6816 
81.8779 
82.0743 
82.2706 
82.4670 
82.6633 
82.8^97 
83.0560 
83.2524 
83.4487 
83.6451 
83.8414 
84.0378 
84.2341 
84.4306 
84.6268 



Dia. 



27 in. 

i 
A 



A 



i 

a 

28 in. 

A 

i 

A 

t 

A 

i 

A 



H 



i 
If 

29 m. 

t 

A 
i 

t 

A 



Area. 






572.5666 
575.2104 
577.8703 
580.5364 
683.2085 
586.8869 
588.5714 
691.2620 
593.9587 
596.6616 
599.3706 
602.0858 
604.8070 
607.5345 
610.2680 
613.0078 

615.7636 
618.5051 
621.2636 
624.0279 
626.7982 
629.6748 
632.3574 
635.1462 
637.9411 
640.7422 
643.5494 
646,3627 
649.1821 
652.0078 
654.8395 
657.6774 

660.5214 
663.3716 
666.2278 
669.0902 
671.9587 
674.8336 
677.7143 
680.6013 



Circnm. 



84.8232 

85.0195 
86.2169 
85.4122 
86.6086 
86.8049 
86.0013 
86.1976 
86.3940 
86.5903 
86.7867 
86.9830 
87.1794 
87.3757 
87.6721 
87.7684 

87.9648 
88.1611 
88.3575 
88.5638 
88.7602 
88.9466 
89.1429 
89.3392 
89.5356 
89.7319 
89.9283 
90.1246 
90.3210 
90.5173 
90.7137 
90.9100 

91.1064 
91.3027 
91.4991 
91.6954 
91.8918 
92.0081 
92.2845 
92.4808 



194 



bcrgh's practical bulks for 



DiAjiETBRB, Arbas, ETC. — CoiUtnued. 



Dia. 



i 



J* 

30 in. 

A 

i 

i 

!' 

31 in. 
I 

t 

i 

if 



Area. 



683.4943 
686.3936 
689.2989 
692.2104 
695.1280 
698.0518 
700.9817 
703.9178 

706.8600 
709.8083 
712.7627 
715.7233 
718.6900 
721.6629 
7246419 
727.6271 
730.6183 
733.6158 
736.6193 
739.6290 
742.6447 
745.6667 
748.6948 
751.7291 

754.7694 
757.8169 
760.8685 
763.9273 
766.9921 
770.0632 
773.1404 
776.2237 
779.3131 
782.4087 
785.5104 
788.6183 
791.7322 
794.8524 
797.9786 
801.1111 



dream. 



92.6772 
92.8735 
93.0699 
93.2662 
93.4626 
93.6589 
93.8553 
94.0516 

94.2480 
94.4443 
94.6407 
94.8370 
95.0334 
96.2297 
96.4261 
96.6224 
96.8188 
96.0151 
96.2115 
96.4078 
96.6042 
96.8005 
96.9969 
97.1932 

97.3896 
97.5869 
97.7823 
97.9786 
98.1750 
98.3713 
' 98.5677 
98.7648 
98.9684 
99.1567 
99.3531 
99.5494 
99.7458 
99.9421 
100.1385 
100.3348 



Dia. 



Area. 



32 m. 

t 
t 

t 

H 
} 

+1 
} 

if 

33 in. 

t 

i 



A 

i 

A 



ti 

i 

il 

i 

if 

34 in. 

t 

t 



804.2496 
807.3943 
810.5450 
813.7020 
816.8650 
820.0343 
823.2096 
826.3911 
829.5787 
832.7725 
835.9724 
839.1784 
842.3905 
846.6089 
848.8333 
852.0639 

856.300« 
858.5436 
861.7924 
865.0475 
868.3087 
871.6760 
874.8497 
878.1290 
881.4151 
884.7070 
888.0051 
891.3090 
894.6196 
897.9369 
901.2687 
9045875 

907.9224 
911.2645 
9146105 
917.9640 
921.3232 
9246883 
928.0605 
931.4380 



dream. 



100.5312 
100.7275 
100.9240 
101.1202 
101.3166 
101.6130 
101.7093 
101.9066 
102.1020 
102.2983 
102.4947 
102.6910 
102.8874 
103.0837 
103.2801 
103.4764 

103.6728 
103.8691 
1040655 
1042618 
104.4582 
1046545 
1048509 
105.0472 
105.2436 
105.4399 
105.6363 
105.8326 
106.0290 
106.2253 
'106.4217 
106.6180 

106.8144 
107.0107 
107.2071 
107.4034 
107.5998 
107.7961 
107.9925 
108.1888 



HODEItN ENaiNES AND BOILERS. 



105 



Diameters, Areas, etc. — Continued. 



Sla. 



i 

i 

H 

i 

i 
H 

35 in. 

t 

ft 

i 

ft 



i 

A 



H 
i 

n 

i 
\i 

36 in. 

ft 

* 



ft 

i 

ft 



} 
if 



Ama. 



934.8223 
938.2121 
941.6087 
945.0110 
948.4195 
951.8341 
955.2550 
958.6820 

962.1150 

965.5542 

968.9995 

972.4510 

975.9085 

979.3686 

982.8422 

986.3180 

989.8003 

993.2097 

996.7830 

1000.3472 

1003.7902 

1007.3030 

1010.8220 

1014.3472 

1017.8784 
1021.4158 
1024.9592 
1028.5089 
1032.0646 
1035.6266 
1039.1946 
1042.7913 
1046.3941 
1049.9581 
1053.5281 
1057.1269 
1060.7317 
1064.3428 
1067.9599 
1071.5832 



Oircum. 



108.3852 
108.5815 
108.7779 
108.9742 
109.1706 
109.3669 
109.5633 
109.7596 

109.9560 
110.1523 
110.3487 
110.5450 
110.7414 
110.9377 
111.1341 
111.3304 
111.5268 
111.7231 
111.9195 
112.1158 
112.3122 
112.5086 
112.7049 
112.9012 

113.0976 
113.2939 
113.4903 
113.6866 
113.8830 
114.0793 
114.2757 
114.4720 
114.6684 
114.8647 
115.0611 
115.2572 
115.4538 
115.6501 
115.8465 
116.0428 



Dla. 



37 m. 



39 in. 

!^ 

ft 

i 

ft 

f 

ft' 



Area. 



075.2126 
078.8482 
082.4898 
086.1376 
089.7915 
093.4517 
097.1179 
100.7903 
104.4687 
108.1534 
111.8441 
115.5410 
119.2440 
122.9532 
126.6685 
130.3900 

134.1176 
137.8513 
141.5911 
146.3371 
149.0892 
152.8475 
156.6119 
160.3825 
164.1591 
167.9420 
171.7309 
175.5260 
179.3271 
183.1345 
186.9480 
U90.7677 

194.5934 
198.4253 
202.2633 
206.1075 
209.9577 
213.8142 
217.6768 
221.5455 



Gircnm. 






116.2392 
116.4355 
116.6319 
116.8282 
117.0246 
117.2209 
117.4173 
117.6136 
117.8100 
118.0063 
118.2027 
118.3990 
118.5954 
118.7917 
118.9881 
119.1844 

119.3808 
119.5771 
119.7735 
119.9698 
120.1662 
120.3625 
120.5589 
120.7552 
120.9516 
121.1479 
121.3443 
121.5406 
121.7370 
121.9333 
122<1297 
122.3260 

122.5224 
122.7187 
122.9151 
123.1114 
123.3078 
123.5041 
123.7005 
123.8968 



196 burgh's PRACnCAL RULES FOB 



Diameters, Areas, etc. — Continued. 



Dia. 



J' 

i 

i' 

40 in. 

A 
i 

A 



H 

i 
U 
i 
H 

41m. 
A 

A 
i 

A 



A 
i 
A 
« 



225.4203 
229.3013 
233.1884 
237.0817 
240.9810 
244.8866 
248.7982 
252.7161 

256.6400 
260.5701 
264.5062 
268.4486 
272.3970 
276.3517 
280.3124 
284.2793 
288.2523 
292.2315 
296.2168 
300.2082 
304.2057 
308.2095 
312.2193 
316.2353 

320.2574 
324.2857 
328.3200 
332.3605 
336.4071 
340.4600 
344.5189 
348.5840 
352.6551 
356.7325 
360.8159 
364.9055 
369.0012 
373.1031 
377.2111 
381.3253 



Circum. 



124.0932 
124.2895 
124.4859 
124.6822 
124.8786 
125.0749 
125.2713 
125.4676 

125.6640 
125.8603 
126.0667 
126.2530 
126.4494 
126.6457 
126.8421 
127.0384 
127.2348 
127.4311 
127.6275 
127.8238 
128.0202 
128.2165 
128.412^ 
128.6092 

128.8056 
129.0019 
129.1983 
129.3946 
129.5910 
129.7873 
129.9837 
130.1800 
130.3764 
130.5727 
130.7691 
130.9654 
131.1618 
131.3581 
131.5545 
131.7508 



IHa. 



42 1x1. 

t 

I' 

A 

I 

J' 

i 
it 

43 m. 

f 



A 

i 

A 



H 

i 

H 

i 
H 

44 in. 

A 

i 

A 



Area. 



385.4456 
389.5720 
393.7045 
397.8432 
.401.9880 
406.1390 
410.2961 
414.4594 
.418.6287 
422.8043 
426.9859 
431.1737 
435.3675 
439.5676 
443.7738 
.447.9862 

452.2046 
456.4292 
460.6599 
464.8968 
469.1397 
473.3839 
477.6342 
481.9006 
486.1731 
490.4468 
494.7266 
499.0126 
503.3046 
507.6029 
511.9072 
516.2178 

520.5344 
524.8572 
529.1860 
533.5211 
537.8622 
542.2046 
546.5530 
550.9176 



Circum. 



131.9472 
132.1435 
132.3399 
132.5362 
132.7326 
132.9289 
133.1253 
133.3216 
133.5180 
133.7143 
133.9107 
134.1070 
134.3034 
134.4997 
134.6961 
134.8924 

135.0888 
135.2851 
135.4815 
135.6778 
135.8742 
136.0705 
136.2669 
136.4632 
136.6596 
13&8559 
137.0523 
137.2486 
137.4450 
137.6413 
137.8377 
138.0340 

138.2304 
138.4267 
138.6231 
138.8194 
139.0158 
139.2121 
139.4085 
X39.6048 



HODEBN ENOINES AND BOILERS. 



197 



DiAMEtERS, Abbas, etc. — Continued. 



Dia. 



i 



i 

i 
if 

45 in. 

t 

i 

A- 

8 



+i 



a 

46 in. 
I 

i 

A 

i 

A 

8 

A 

i 

A 



2. 
4 

U 

i 



Area. 



556.2883 
559.6602 
564.0382 
568.4223 
572.8126 
677.2090 
581.6116 
586.0203 

590.4350 
594.4560 
599.2830 
603.7162 
608.1555 
612.5961 
617.0427 
621.5055 
626.9743 
630.4444 



634.9205 
639.4028 
643.8912 

648.8858 

652.8865 
657.3934 

661.9064 
666.4255 
670.9507 
6*^.4821 
680.0196 
684.5683 
689.1031 
693.6641 
698.2311 
702.7994 
707.3737 
711.9542 
716.5407 
721.1335 
725.7324 
730.3375 



Clrcmn. 



139.8012 
139.9975 
140.1939 
140.3902 
140.5866 
140.7829 
140.9793 
141.1756 

141.3720 
141.5683 
141.7647 
141.9610 
142.1574 
142.3537 
142.5501 
142.7464 
142.9428 
143.13^1 
14^3365 
143.5318 
143.7282 
143.9246 
144.1209 
144.3172 

144.5136 
144.7099 
144.9063 
145.1026 
14*5.2990 
145.4953 
145.6917 
145.8880 
146.0844 
146.2807 
146.4771 
146.6734 
146.8698 
147.0661 
147.2625 
147.4588 



Dio. 



Area. 



734.9486 
739.5659 
744.1893 
748.8189 
753.4546 
758.0914 
762.7344 
767.3935 
772.0587 
776.7251 
781.3976 
786.0763 
790.7§10 
795.4520 
800.1490 
804.8523 

809.5616 
814.2551 
818.9986 
823.7264 
828.4602 
833.1953 
837.9364 
842.6937 
847.4571 
852.2167 
856.9924 
861.7892 
868.5521 
871.3413 
876.1365 
880.9379 

885.7454 
890.5591 
895.3788 
900.2047 
905.0367 
909.8700 
914.7093 
919.5648 



drcnm. 



147.6552 
147.8615 
148.0479 
148.2442 
148.4406 
148.6369 
148.8333 
149.0296 
149.2260 
149.4223 
149.6187 
149.8150 
150.0114 
150.2077 
150.4041 
150.6004 

150.7968 
150.9931 
151.1895 
151.3858 
151.5822 
161.7785 
151.9749 
152.1712 
152.3676 
162.5639 
152.7603 
152.9566 
153.1530 
153.3493 
153.5457 
153.7420 

153.9384 
154.1347 
154.3311 
154,5274 
154.7238 
154.9201 
155.1165 
155.3128 



BCBQH'S practical BnX.K3 FOB 
DiAKETBRS, AsEAa, Kto. — Cotiitnued. 



HODEBN ENGINES AND TOILESa 199 

DiAHptsRs, Arras, eto. — Continued. 



Dta. 


A»-. 


CtenB. 


DU. 


21 6 


a.roM. 


i 


2332.8343 


171.2172 


57 m. 


179,0712 


t- 


2338.1880 


171.4135 


t 


21 7 


179.2675 


2343.5477 


171.6099 


21 8 


179.4639 


i' 


2348.9636 


171.8062 


t 


2i 1 


179.6602 


23^4.2655 


172.0026 


21 5 


179.8566 


7 


172.1989 


A 


21 2 


180.0529 





172.3953 


( 


2! 9 


180.2493 


5 


172.5916 


I'- 


2591.0869 


180.4456 






2596.7287 


180.6420 





172.7880 


t 


2602.3769 


180.8383 


2 


172,9843 


2608.0311 


181,0347 


5 


173.1807 


ik 


2613.6942 


181.2310 


5 


173.3770 


i 


2619.3580 


181.4274 


5 


173.S734 


1' 


2625.0307 


181.6237 


8 


173.7697 


2630.7095 


181.8201 


a 


173.9661 


ll 


2636.3945 


182.0164 




174.1624 










174.3S88 


58 in. 


2642.0856 


182,2128 




174.5551 


t 


2647.7328 


182.4091 




174.7515 


2653.4861 


182.6055 




174.9478 


f 


2659.9565 


182,8018 




175.1442 


2664.9112 


182.9982 




175.3405 


ft 


2670.6330 


183.1946 




175.5369 


J 


2676.3609 


183,3909 




175.7332 


i'' 


2682.0950 


183.5872 






2687.8351 


183.7836 




175.9296 


t 


2693.5814 


183.9799 




176.1259 


2699.3338 


184.1763 




176.3223 


a 


2705.0924 


184,3726 




176,5186 


i 


2710.8571 


184,5690 




176.7150 


}' 


2716.6280 


184.7653 




176.9913 


2722.4050 


184.9617 




177.1077 


If 


2728.1882 


185.1580 




177.3040 










177.5004 


59 m. 


2733.9774 


185.3544 




177.6967 


t 


2739.7728 


185.5507 




177.8931 


2745.5743 


185.7471 




178.0894 


t' 


2751.8820 


185.9434 




178.2858 


2757.1957 


186,1398 


; 


178.4821 


t 


2763.0157 


186,3361 


9 


178.6785 


2768.8418 


186.5325 


^ 


178.8748 


I'f 


2774.6745 


186.7288 



200 BEJBQH'S PBACnCAL BULKS FOB 

DuMRBU, Areas, nc—Ctmlimted. 



MODERN ENGINES AND BOILERS. 
DuxBTBRB, Abeas, btc. — Continued. 



Dt.. 


A«. 


a™-. 


- 


* 


3267.4603 


'202.6332 


A 


3273.79S7 


202.8295 








3280.1372 


203.0259 






i 

* 


3286.4875 
3292.8385 
3299.1985 
3305.5645 
3311.9367 


203.2222 
203.4186 
203.6149 
203.8113 
204.0076 




65 m. 


3.118.3151 


204.2040 




t 


3324.7495 


204,4003 




3331.0900 


204.5917 




i". 


3337.9857 


204.7930 




3.T43.8875 


204.9894 




i'* 


3350.2976 


205.1857 




t 


3356.71.37 


205.3821 




', 


3363.1350 


205.6784 




i 


3369.5623 


205.7748 


6 




3.t75.9959 


20.5.9711 






3382.4355 


206.1675 




1 


3388.8813 


206.3638 




3395.3332 


206.5602 




i 


3401.7913 


206.7565 






3408.2555 


206.9529 




i 


3414. 7259 


207.1492 




66 in. 


3421.2024 


207.3456 




}' 


3427.6850 


207.5419 




3434.1737 


207.7383 




t 


3440.6676 


207.9346 




3447.1676 


208.1310 




A 


3453.6758 


208.3273 




1 


3468.1901 


208.5237 




;. 


3470.7096 


208.7200 




3473.2351 


208.9164 


G 


3479.7669 


209.1127 






3486.3047 


209.3091 




k 


3492.8487 


209.5054 




3499.3987 


209.7018 




i 


3506.4550 


209.8981 




3512.5174 


210.0945 




i 


3519.0860 


210.2908 





burgh's PRACnOAL RULES FOR 





DiAansfts, Arsah 


Bfc— Continued 




DIL 


Clr™n. 


Dta. 


CIrcnm. 


« i 


2iam2 


72 in. 6 


226.1952 


A 1 


218.5375 


J^ ? 


226.3915 




> 


218.7339 


226.5879 




^ 1 


218.9302 


t ! 


226.7842 




) 


219.1266 


226.9806 




i i 


219.3229 


A : 


227.1769 






219.5193 
219.7156 


t 6 


227.3733 

227.5696 


" 




r - 


227.7660 


70 m. ) 


219.9120 


A ! 


227.9623 


t 1 


220.1083 


228.1587 


220.3047 


' ! 


228.3550 




220.5010 


228.5514 


220.6974 


> i 


228.7477 


t 1 


220.8937 


228.9441 


221.0901 


f { 


229.1404 




221,2864 








221.4828 


73 in. 6 


229.3368 




221.6791 


t i 


229.5331 


t i 


221.8755 


229.7295 


ii ) 


222.0718 


t ? 


.229.9258 


i ' 


222^682 


230.1222 




222.4645 


t 3 


230.3185 




222.6609 


230.5149 




222.8572 


i^ I 


230.7112 






230.9076 


71 in. 1 


223.0536 


A 1 


231.1039 


Jj I 


223.2499 


231.3003 


223.4463 




231.4966 




223-6426 




231.6930 


223.8390 




231.8893 


t I 


224.0353 
224.2317 




232.0857 




232.2820 


f." I 


224.4380 






224.0244 


74 in, 1 


232.4784 


V' 7 


224.8207 


l^ I 


232.6747 




i 


225.0171 


232.6711 




i t 


22.5.2134 


t I 


233.0674 




i 


225,4098 


233.2638 




i t 


225,6061 


t' I 


233.4601 




J 


225.8025 


233.6565 




i _ 1 


225.9988 


^ L 


233:8528 
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204 bcboh's pBAcnCAj. bulks fob 
DtAXBTBU, Abbas, kto. — Conlimied. 
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PiAMKTEBs, Arkas, ETC. — Contttwed. 



Sia. 



i 



i 



* 

85 in. 

i 
t 
i 



f 
if 

86 in. 
I 

TV 



A 
i 

i 
A 



H 
I 



Area. 



6607.9523 
6616.2508 
5624.5554 
5632.8662 
5641.1846 
5649.5071 
5657.8357 
5666.1723 

5674.5160 
6682.8630 
5691.2170 
5699.5762 
6707.9415 
5716.3151 
5724.6947 
6733.0795 
5741.4703 
5749.8670 
6758.2697 
5766.6794 
5775.0952 
5783.5168 
5791.9445 
5800.3784 

5808.8184 
5817.2661 
5825.7168 
5834.1742 
5842.6376 
5851.1093 
5859.5871 
5868.0701 
5876.5591 
5885.0540 
5893.5549 
5902.0620 
5910.5767 
5919.0965 
5927.6224 
5936.1545 



drcum. 



265.4652 
265.6615 
265.8579 
266.0542 
266.2606 
266.4469 
266.6433 
266.8396 

267.0360 
267.2323 
267.4287 
267.6250 
267.8214 
268.0177 
268.2141 
268.4104 
268.6068 
268.8031 
268.9997 
269.195& 
269.3922 
269.5885 
269.7849 
269.9812 

270.1776 
270.3739 
270.5703 
270.7666 
270.9630 
271.1593 
271.3557 
271.5520 
271.7484 
271.9447 
272.1411 
272.3374 
272.5338 
272.7301 
272.9265 
273.1228 



Dia. 



87 m. 

f 

A 



A 

i 

A 



i 

i 

88 in. 

A 
i  
A 
i 

A 

i 

A 



* 

. i 
H 

89 in. 



I 



A 

i 

A 

f 
A 



Area. 



5944.6926 
6953.2369 
5961.7873 
5970.3429 
5978.9045 
5987.4749 
5996.0504 
6004.6315 
6013.2187 
6021.8117 
6030.4108 
6039.0169 
6047.6290 
6056.2470 
6064.8710 
6073.6013 

6082.1376 
6090.7801 
6099.4287 
6108.0824 
6116.7422 
6125.4103 
6134.0844 
6144.2637 
6151.4491 
6160.1403 
6169.8376 
6177.5418 
6186.2521 
6194.9683 
6203.6905 
6212.4189 

6221.1534 
6229.8941 
6238.6408 
6247.3927 
6256.1507 
6264.9170 
6273.6893 
6282.4668 



dream. 



273.3192 
273.5155 
273.7119 
273.9082 
274.1046 
274.3009 
274.4973 
274.6936 
.274.8900 
275.0863 
275.2827 
275.4790 
275.6754 
275.8717 
276.0681 
276.2644 

276.4608 
276.6671 
276.8535 
277.0498 
277.2462 
277.4425 
277.6389 
277.8352 
278.0316 
278.2279 
278.4243 
278.6206 
278.8170 
279.0133 
279.2097 
279.4060 

279.^24 
279.7987 
279.9951 
280.1914 
280.3878 
280.5841 
280.7805 
280.9768 
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BURQH's practical SULE3 FOR 





DiAiiKTERS, Arras, e 


c- 


Continued 




Dl*  




CirJilB.. 


DIa. 


Area. 1 Cinum. 


i 


K\ 


281.1732 


92 m. 


6647.6258; 289.0272 


V 


17 


281.3695 


t 


6656.6609' 289.2235 


i 


.1 


281.5859 


6665.7021 


289.4199 


u 


S 


281.7622 


i"g 


6674.7485 


289,6162 







281.9586 


i 


6683.8010 


289.8125 


1* 


13 


282.1549 


i'. 


6692.8618 


290.0089 


i7 


282.3513 


1 


6701.9286 


290.2053 


H 


a 


282.5476 


A 


6711.5001 


290.4016 








i 


6720.0787 


290.598* 


90 in. 


10 


282.7440 


A 


6729.6628 


290.7943 


^ 


19 


283.9403 






6738.2530 


290.9907 


.8 


283.1367 




i 


6747.3497 


291.1870 


t 


.9 


283.3330 






6756.4525 


291.3834 





283.5294 




i 


6765.5614 


291.5797 


t 


4 


283.7257 






6774,6763 


291.7761 


:9 


283.9221, 






6783,7975 


291.9724 


I' 


i6 


284.1184 








3 


284.3148 


93 m. 


6792.9248 


292.1688 


P 


a 


284.5111 


t 


6802.0581 


292,3651 


,9 


284.7075 


6811.1974 


292,5615 


H 


3 


284.9038 


t 


6820.3420 


292-7578 




■7 


285.1002 


6829.4927 


292,9542 


it 


.2 


285.2965 


A 


6838.6517 


293.1505 


8 


28S.4929 


i 


6847.8167 


293,3469 


6 


285.6892 


t 


6856.9869 


293,5432 






6866,1631 


293,7396 


91 in. 


4 


285.8856 


A 


6875.3454 


293,9359 




4 


286.0819 


1 


6884,5338 


294,1323- 


5 


286.2783 


Jl 


6893.7337 


294,3286 


8 


286.4746 


6902,9296 


294.5250 


il 


286.6710 


1' 


6912.1366 


294.7213 


7 


286.8673 


6921.3497 


294,9177 


4 


287,0637 


ji 


6930,5691 


295.U40 


f 


■7 


287.2600 








■1 


287.4564 


94 m. 


6939,7946 


29.5.3104 


1 


287.6527 


t 


6949.5261 


295.5067 




287.8491 


6958.2636 


295.7031 


1 


.3 


288.0454 




6968.0064 


295.8994 


.2 


288.2418 


i' 


6976.7552 


296.0958 


.9 


288.4381 


ft 


6986,0123 


296.2921 


16 


288.6345 


s 


6995,2755 


296,4885 


i7 


288.8388 


A 


7004.5439 


296,6848 
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PiAMKTERS, Abbas, btc. — ContitMed. 



Dia. 



i 

A 

I 

\i 

* 

I* 

1 
8 

95 m. 

4 



A 
i 

i 
J 



96 in. 
A 

A 

i 

A 

t 

A 

A 

i 

i 
« 

i 



Area. 



7013.8183 
7023.0988 
7032.3853 
7041.6784 
7050.9775 
7060.2827 
7069.5940 
7075.9116 

7088.2352 
7097.5738 
7106.9005 
7116.7415 
7125.5885 
7134.9443 
7144.3052 
7153.6717 
7163.0443 
7172.4230 
7181.8077 
7191.1989 
7200.5962 
7209.9096 
7219.4090 
7228.8248 

7238.2466 
7247.6741 
7257.1083 
7266.5474 
7275.9926 
7285.4461 
7294.9056 
7304.3703 
7313.8411 
7323.3179 
7332.8008 
7342.2902 
7351.7857 
7361.2873 
7370.7949 
7380.3088 



Gircnm. 



296.8812 
297.0775 
297.2739 
297.4702 
297.6666 
297.8629 
298.0593 
298.2556 

298.4520 
298.6483 
298.8447 
299.0400 
299.2374 
299.4337 
299.6301 
299.8264 
300.0228 
300.2191 
300.4155 
300.6118 
300.8082 
301.0045 
301.2009 
301.3972 

301.5936 
301.7899 
301.9863 
302.1826 
302.3790 
302.5753 
302.7717 
302.9680 
303.1644 
303.3607 
303.5571 
303.7534 
303.9498 
304.1461 
304.3425 
304.5388 



Dia. 



97 in. 

A 
i 



98 m. 

A 

i 



A 

i 
A 



A 



i 
i 



99 in. 
A 

A 

i 

A 

¥ 



Area. 



7389.8288 
7399.3548 
7408.8868 
7418.6241 
7427.9675 
7437.5192 
7447.0769 
7456.6398 
7466.2087 
7475.7837 
7485.3648 
7494.9524 
7504.5460 
7514.1457 
7523.7515 
7533.3636 

7542.9818 
7552.6060 
7562.2362 
7575.8717 
7581.5132 
7591.1630 
7600.8189 
7610.4800 
7620.1471 
7629.8203 
7639.4995 
7649.1853 
7658.8771 
7668.5750 
7678.2790 
7687.9893 

7697.7056 
7707.4279 
7717.1563 
7726.8900 
7736.6297 
7746.3777 
7756.1318 
7765.8910 



Gircum. 



304.7352 
304.9315 
305.1279 
305.3242 
305.5206 
305.7169 
305.9133 
306.1096 
306.3060 
306.5023 
306.6987 
306.8950 
307.0914 
307.2877 
307.4841 
307.6804 

307.8768 
308.0731 
308.2695 
308.4658 
308.6622 
308.8585 
309.0549 
309.2512 
309.4476 
309,6439 
309.8403 
310.0366 
310.2330 
310.4293 
310.6257 
310.8220 

311.0184 
311.2147 
311.4111 
311.6074 
311.8038 
312.0001 
312.1965 
312.3928 
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BUBOH'S PRAOnCAL BULES FOR 



Diameters, Areas, etc. — Continued. 



Dift. 



t 

H 
} 

\i 

i 
\l 

100 in. 

i 
i 
f 

101 in. 

i 
i 

i 

102 in. 

i 
i 

i 

103 in. 
i 



Area. 



7775.6563 

7785.4277 
7795.2051 
7804.9890 
7814.7790 
7824.5751 
7834.3772 
7844.1856 

7854.0000 
7893.3190 
7932.7360 
7972.2120 

8011.8652 
8051.5772 
8091.3870 
8131.2953 

8171.3016 
8211.4060 
8251.6084 
8291.8696 

8332.3085 
8372.8056 



Gircum. 



312.5892 
312.7855 
312.9819 
313.0782 
313.3746 
313.5709 
313.7673 
313.9636 

314.1600 
314.9454 
315.7308 
316.5162 

317.3016 
318.0870 
318.8724 
319.6578 

320.4432 
321.2286 
322.0140 
322.7994 

323.5848 
324.3702 



Dia. 


i 

i 


104 in. 


i 
i 

i 


105 in. 


i 
f 


106 in. 


i 


107 in. 


i 


108 in. 


i 


109 in. 


i 


110 in. 



Area. 



8413.4008 
8454.0944 

8494.8864 
8535.7760 
8576.7640 
8617.8504 

8659.0348 
8700.3176 
8741.6980 
8783.1772 

8824.7544 
8908.2028 

8992.0444 
9076.2784 

9160.9056 
9245.9248 

9331.3372 
9417.1420 

9503.3400 



Gircum. 



325.1556 
325,9410 

326.7264 
327.5118 
328.2972 
329.0826 

329.8680 
330.6534 
331.4388 
332.2242 

333.0096 
334.5804 

336.1512 
337.7220 

339.2928 
340.8636 

342.4344 
344.0052 

345.5760 
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A Table op Diameters, Areas, and Circumferences op 
Circles, in Feet, from 1 to 50 Feet. 



Dia. in 

Feet St 

Ins. 



ft. 
1 

2 

3 

4 

.5 

6 

7 

8 

9 

10 

11 

ft. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

ft. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

ft. 

1 



Area in 
Feet. 



.7854 

.9217 

1.0690 

1.227] 

1.3962 

1.5761 

1.7671 

1.9689 

2.1816 

2.4052 

2.6398 

2.8852 

3.1416 

3.4087 

3.6869 

3.9760 

4.2760 

4.5869 

4.9087 

5.2413 

5.5850 

5.9395 

6.3049 

6:6813 

7.0686 

7.4666 

7.8757 

8.2957 

8.7265 

9.1683 

9.6211 

10.0846 

10.5591 

11.0446 

11.5409 

12.0481 

12.5664 

13.0952 



Circum. 


Dia. in 


in Feet A 


FeetA 


Inchen. 


Jus. 


3 IJ 


2 


3 H 


3 


3 8 


4 


3 11 


5 


4 .2* 


6 


4 5| 


7 


4 8i 


8 


4 111 


9 


5 2J 


10 


5 5J 


11 


'5 9 


5 ft. 


6 2i 


1 


6 3| 


2 


6 6i 


3 


6 9f 


4 


7 Of 


5 


7 31 


6 


7 7 


7 


7 lOi 


8 


8 1| 


9 


8 4i 


10 


8 7| 


11 


8 lOJ 


6 ft. 


9 IJ 


1 


9 6 


2 


9 8i 


3 


9 llf 


4 


10 2i 


5 


10 5| 


6 


10 8J 


7 


lOllJ 


8 


11 3 


 9 


11 Gi 


10 


11 9f 


11 


12 OJ 


7 ft. 


12 3| 


1 


12 6| 


2 


12 n 


3 



Area in 
Feet. 



13.6353 
14.1862 
14.7479 
15.3206 
15.9043 
16.4986 
17.1041 
17.7205 
18.3476 
18.9858 
19.6350 
20.2947 
20.9656 
21.6475 
-22.3400 
23.0437 
23.7583 
24.4835 
25.2199 
25.9672 
26.7251 
27.4943 
28.2744 
29.0649 
29.8668 
30.6796 
31.5029 
32.3376 
33.1831 
34.0391 
34.9065 
35.7847 
36.6735 
37.5736 
38.4846 
39.4060 
40.3388 
41.2825 



Crcniii. 

in Feet A 

Inches. 

13 1 
13 H 
13 7i 

13 10 J 

14 1| 
M 4| 
14 11 

14 11 

15 2* 
15 5i 
15 Si 

15 .lis 

16 2J 
16 5| 

16 9 

17 Oi 
17 3i 
17 6| 

17 94 

18 Oi 
18 3| 
18 7* 

18 lOi 

19 li 
19 41 
19 1i 

19 10| 

20 IJ 
20 ^ 
20 Si 

20 llj 

21 2J 
21 5i 
21 8| 

21 Hi 

22 3 
22 6J 
22 9^ 
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bukqh's practical rules for 



DiAmTEBS, Abbas, etc. — Contmtied. 



in 

Feet k 

Im. 

4 
5 
6 
7 
8 
9 
10 
11 

8 ft 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

9 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
10 ft. 
1 
2 
3 
4 
5 



Area in 
Feet. 



42.2367 
43.2022 
44.1787 
45.1656 
46.1638 
47.1730 
48.1926 
49.2236 
50.2656 
51.3178 
52.3816 
53.4562 
54.5412 
55.6377 
56.7451 
57.8628 
58.9920 
60.1321 
61.2826 
62.4445 
63.6174 
64.8006 
65.9951 
67.2007 
68.4166 
69.6440 
70.8823 
72.1309 
73.3910 
74.6620 
75.9433 
77.2362 
78.5400 
79.8540 
81.1795 
82.5160 
83.8627 
85.2211 



Circvin. 


Dfakin 


in Feet A 


Feet A 


Inches. 


Inches. 


23 Of 


6 


23 2* 


7 


23 6jt 


8 


23 11 


9 


24' H 


10 


24 ^ 


11 


24 1i 


lift. 


24 lOJ 


1 


25 4 


2 


25 44 


3 


25 ^ 


4 


25 11 


5 


26 2i 


6 


26 5J 


7 


26 8| 


8 


26 lli 


9 


27 2| 


10 


27 5| 


11 


27 9 


12 ft. 


28 Oi 


1 


28 3i 


2 


28 6f 


3. 


28 9i 


4 


29 0| 


5 


29 3f 


6 


29 7 


7 


29 10^ 


8 


.30 1^ 


9 


30 4| 


10 


30 7^ 


11 


30 11| 


13 ft. 


31 If 


1 


31 5 


2 


31 8i 


3 


31 Hi 


4 


32 2f 


5 


32 5i 


6 


32 8i 


7 



Area in 
Feet. 



86.5903 

87.9697 

89.3608 

90.7627 

92.1749 

93.5986 

95.0334 

96.4783 

97.9347 

99.4021 

100.8797 

102.3689 

103.8691 

105.3794 

106.9013 

108.4342 

109.9772 

111.5319 

113.0976 

114.6732 

116.2607 

1 17.8590 

119.4674 

121.0876 

122.7187 

124.3598 

126.0127 

127.6765 

129.3504 

131.0360 

132.7326 

134.4391 

136.1574 

137.8867 

139.6260 

141.3771 

143.1391 

144.9111 



CSrenm. 

hi Feet 4 

Inches. 

32 llf 

33 2| 
33 6^ 

33 9i 

34 Of 
34 3^ 
34 6t 

34 9f 

35 0| 
35 4i 
35 7i 

35 10| 

36 1^ 
36 4^ 
36 7f 

36 10| 

37 2| 
37 5i 

37 8| 
^7 Hi 

38 2S 
38 5| 

38 8J 

39 
39 3i 
39 6f 

39 9^ 

40 Of 
40 3i 
40 6J 

40 10 

41 U 
41 4f 
41 7^ 

41 10| 

42 1| 

42 ^ 

42 8 
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DiAMBTERS, Areas, etc. — Continued, 







r 



6 
7 
8 
9 
10 
11 

15 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

16 ft. 

1 

2 

3 

4 

5 

6 

7- 

8 

9 



Area in 
Feet 



146.6949 

148.4896 
150.2943 
152.1109 
153.9384 
155.7758 
157.6250 
159.4852 
161.35.53 
163.2373 
165.1303 
167.0331 
168.9479 
170.8735 
172.8091 
174.7565 
176.7160 
178.6832 
180.6634 
182.6545 
184.6555 
186.6684 
188.6923 
190.7260 
192.7716 
194.8282 
1 96.8946 
198.9730 
201.0624 
203.1615 
205.2726 
207^3946 
209.5264 
211.6703 
213.8251 
215.9896 
218.1662 
220.3537 



Circum. 


Dia. in 


in Feet ft 


Feet ft 


Inches. 


IU8. 


42 11* 


10 


43 24 


11 


43 H 


17 ft. 


43 8| 


X 


43 111 


2 


44 2J 


3 


44 6 


4 


44 9* 


5 


45 Oi 


6 


45 3A 


7 


45 6| 


8 


45 9| 


9 


46 Oi 


10 


46 4 


11 


46 7* 


18 ft. 


46 Hi 


1 


47 1* 


2 


47 ^ 


3 


47 7f 


4 


47 10J 


5 


48 24 


6 


48 5i 


7 


48 84 


8 


48 llj 


9 


49 2| 


10 


49 5| 


11 


49 Si 


19 ft. 


50 


1 . 


50 3i 


2 


50 64 


3 


50 9| 


4 


51 Oi 


6 


51 3iv 


6 


51 6i 


7 


51 10 


8 


52 li 


9 


52 4i 


10 


52 7| 


11 



Area in 
Feet. 



222.5510 
224.7603 
226.9806 
229.2106 
231.4525 
233.7055 
235.9682 
238.2430 
240.5287 
242.8241 
245.1316 
247.4500 
249.7781 
252.1184 
254.4696 
256.8303 
259.2033 
261.5872 
263.9807 
266.3864 
268.8031 
271 .2293 
273.6678 
276.1171 
278.5761 
281.0472 
283.5294 
286.0210 
288.5249 
291.0397 
293.5641 
296.1107 
298.6483 
301.2054 
303.7747 
306.3550 
308.9448 
311.5469 



Circnm. 


in Feet ft 


Inches. 


52 


lOi 


53 


11 


63 


4* 


63 


8 


63 Hi 1 


54 


2* 


64 


6* 


54 


8* 


64 


n« 


55 


n 


65 


6 


65 


9* 


56 


oi 


56 


^ 


66 


H 


66 


H 


57 


0* 


57 


4 


67 


H 


57 


lOi 


68 


1* 


58 


H 


68 


n 


58 


10} 


69 


2 


69 


5* 


69 


8i 


69 


Hi 


60 


^ 


60 


H 


60 


Si 


60 


11* 


61 


3* 


61 


n 


61 


H 


62 


Oi 


62 


3« 


62 


6J 
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BURGH^S PRACTICAL RULES FOR 



DiAMETEBS, Arbas, ktg. — Continued. 



I>ili.lD 

Vwt A 
Inches. 

20 ft. 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

21ft. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

22 ft. 

1 

2 

3 

4 

6 

6 

7 

• 8 

9 

10 

11 

23 ft. 

1 



Area in 
Feet. 



314.1600 

316.7824 
319.4173 
322.0630 
324.7182 
327.3858 
330.0643 
332.7522 
335.4525 
338.1637 
340.8844 
343.6174 
346.3614 
349.1147 
351.8804 
354.6571 
357.4432 
360.2417 
363.0511 
365.8698 
368.7011 
371.5432 
374.3947 
377.2587 
380.1336 
383.0177 
385.9144 
388.8220 
391.7389 
394.6683 
397.6087 
400.5583 
403.5204 
406.4935 
409.4759 
412.4707 
415.4766 
418.4915 



Gircnm. 


Din. in 


in Feet A 


Feet A 


Inches. 


Ins. 


62 9i 


2 


63 U 


3 


63 4i 


4 


63. 7t 


5 


63 Hi 


6. 


64 If 


7 


64 4J 


8 


64 1i 


9 


64 11 


10 


65 2i 


11 


65 5t 


24 ft. 


65 8i 


1 


65 llg 


2 


66 2| 


3 


66 5^ 


4 


66 9 


5 


67 Oi 


6 


67 3J 


7 


67 6i 


8 


67 9f 


9 


68 0^ 


10 


68 si 


11 


68 7 


25 ft. 


68 lOi 


1 


69 If 


2 


69 4^ 


3 


69 ^ 


4 


69 10^ 


5 


70 li 


6 


70 5 


7 


70 81 


8 


70 11* 


9 


71 2i 


10 


n 5| 


11 


71 8i 


26 ft. 


71 Hi 


1 


72 3 


2 


72 6i 


3 



Area in 

Feet. 



421.5192 
424.5577 
427.6055 
430.6658 
433.7371 
436.8175 
439.9106 
443.0146 
446.1278 
449.2536 
452.3904 
455.5362 
458.6948 
461.8642 
465.0428 
468.2341 
471.4363 
474.6476 
477.8716 
48J..1065 
484.3506 
487.6073 
490.8750 
494.1516 
.497:4411 
500.7415 
504.0510 
507.3732 
510.7(363 
514.0484 
517.4034 
520.76D2 
524.1441 
527.5318 
530.9304 
534.3379 
537.7583 
641.1896 



Cii'cam. 

in Feet & 

lucbes. 

72 9f 

73 0^ 
73 3^ 

'73 6} 

73 9^ 

74 r 

74 4J 

74 ^ 

74 10| 

75 1| 
75 4J 
75 7J 

75 11 
76 -2* 

76 5i 
76 8^ 

76 ll| 

77 2J 
77 5J 

77 9 

78 Oi 
78 3i 
78 61 

78 9i 

79 Ot 
79 Si 
79 7* 

79 11* 

80 li 
80 4f 
80 7J 

80 lOJ 

81 li 
81 5 
81 8* 

81 Hi 

82 2t 
82 5i 
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Diameters, Abeas, etc. — Contimied, 



•. 



Dia. in 

Feet & 

Ins. 

4 
5 
6 

7 

8 

9 

10 

11 

27 ft. 

1 

2 

3 

4 

' 5 

6 

7 

8 

9 

10 

11 

28 ft. 

1 

2 

3 

4 

5 

6 

7 

8 

• 9 

10 

11 

29 ft. 

1 
2 
3 
4 
5 



Area in 

Feet. 



544.6299 
548.0830 
551.5471 
'555.0201 
558.5059 
562.0027 
565.5084 
569.0270 
572.5566 
576.0949 
679.6463 
583.2085 
586.7796 
590.3637 
593.9587 
597.5625 
601.1793 
.604.8070 
608.4436 
612.0931 
615.7536 
619.4228 
623.1050 
626.7982 
630.5002 
634.2152 
637.9411 
641.6758 
645.4235 
649.1821 
652.9495 
656*7300 
660.5214 
664.3214 
668.1346 
671.9587 
675.7915 
679.6375 



Circum. 


Dia. in 


in Feet & 


Feet & 


Inches. 


Ins. 


82 8| 


6 


82 llj 


7  


83 3 


8 


83 6i 


9 


83 H 


ID 


84 0| 


11 


84 3i 


30 ft. 


84 6| 


1 


84 n 


2 


85 1 


3 


85 4i 


4 


85 8^ 


5 


85 lU 


6 


86 l| 


• 7 


86 4J 


8 


86 n 


9 


86 11 


10 


87 2i 


11 


87- 54 


31ft. 


87 8i 


1 


87 lU 


2 


88 2| 


3 


88 5| 


4 


88 9 


5 


89 Oi 


6 


89 3^ 


7 


89 6l 


8 


89 9^ 


9 


90 0| 


10 


90 3| 


11 


90 6J 


32 ft. 


90 11* 


1 


91 U 


2 


•91 41 


3 


91 7i 


4 


91 lOf 


5 


92 IJ 


6 


92 ^ 


7 



Area in 

Foet. 



683.4943 

687.3598 

691.2385 

69.5.1280 

699.0263 

102.9377 

706.8600 

710.7909 

714.7350 

718.6900 

722.6537 

726.6305 

730.6183 

734.6147 

738.6242 

742.6447 

746.6738 

750.7161 

754.7694 

758.8311 

762.9062 

766.9921 

771.0866 

775.1944 

779.3131 

783.4403 

787.5808 

791.7322 

795.8922 

800.0654 

804.2496 

808.4422 

812.6481- 

816.8650 

821.0904 

825.3291 

829.5787 

833.8368 



Circnm. 

in Feet A 

Inches. 

92 Si 

92 Hi 

93 2i 
93 5i 
93 8J 

93 lli 

94 2J 
94 6 

94 9i 

95 OJ 
95 Si 
95 6| 

95 9i 

96 0| 
96 4 
96 7i 

96 lOJ 

97 li 
97 4| 
97 7f 

97 lOJ 

98 2 
98 5i 
98 8| 

98 Hi 

99 2f 
99 b'i 
99 8i 

100 

100 3J 

100 6| 

100 9i 

101 0| 
101 3} 
101 6J 

101 10 

102 IJ 
102 4| 
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BUBGH^S PRACTICAL RULES FOB 



Diameters, Areas, etc. — Conttnited. 



Ma. in 
Feet A 
Inch en. 

8 

9 

10 

11 

33 ft. 

1 

2 

3 

4 

5 

.6 

7 

8 

9 

10 

11 

34 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

35 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 



Area in 
Feet. 



838.1082 

842.3905 
846.6813 
850.9855 
855.3006 
859.6240 
863.9609 
868.3087 
872.6649 
877.0346 
881.4151 
885.8040 
890.2064 
894.6196 
899.0413 
903.4763 
907.9224 
912.3767 
916.8445 
921.3232 
925.8103 
930.3108 
934.8223 
939.3421 
943.8753 
948.4195 
952.9720 
957.5380 
962.1150 
966.7001 
971.2989 
975.9085 
980.5264 
985.1579 
989.8003 
994.4509 
999.1151 
1003.7902 



arctuii. 


Dia. in 


ill Feet & 


Feet & 


Indies. 


Ins. 


102 n 


10 


102 10§ 


11 


103 It 


36 ft. 


103 ^ 


1 


103 8 


2- 


103 Hi 


3 


104 2i 


4 


104 5^ 


5 


104 8^ 


6 


104 11^ 


7 


105 2i 


8 


105 6 


9' 


105 9i 


10 


106' Oi 


11 


106 3^ 


37 ft. 


106 6§ 


1 


106 9^ 


2 


107 0^ 


3 


107 4 


4 


107 7i 


5 


107 10^ 


6 


108 If 


7 


108 4t 


8 


108 1i 


9 


108 lOi 


10 


109 2 


11 


109 H 


38 ft. 


109 8^ 


1 


109 lit 


2 


110 2§ 


3 


110 5| 


• 4 


110 8^ 


5 


ill 


6 


111 H 


7 


111 6i 


8 


111 9t 


9 


112 .0^ 


10 


112 3i 


11 



Area in 
Feet. 



1008.4736 

1013.1705 

1017.8784 

1022»5944 

1027.3240 

1032.0646 

1036.8134 

1041.5758 

1046.3491 

1051.1306 

1055.9257 

1060.7317 

1065.5459 

1070.3738 

1075.2126 

1080.0594 

1084.9201 

1089.7915 

1094.6711 

1099.5644 

1104.4687 

1109.3810 

1114.3071 

1119.2440 

1124.1891 

1129.1478, 

1134.1176 

1139.0953 

1144.0868 

1149.0892 

1154.0997 

1159.1239 

1164.1591 

1169.2023 

1174.2592 

1179.3271 

1184.4030 

1189.4927 



8 



Gtrcmn. 

in Feet & 

Inches. 

.12 6J 

.12 10 

13 li 
.13' 4^ 
.13 7t 
.13 10^ 
.14 1^ 
.14 4- 
-14 8 

14 14 
-15 2i 

15 5 
-15 9a 

15 lit 

16 2^ 
.16 6 
.16 9i 
-17 Oi 
.17 U 
.17 U 

17 9i 
.18 0^ 
.18 4 
.18 li 
.18 10^ 
.19 It 
.19 44 
.19 ^ 
.19 10| 
-20 2 
.20 5^ 
.20 8| 

JL20 lit 
.21 2i 
21 5^ 
.21 Hi 

.21 llj^ 
l22 3^ 
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Diameters, Areas, etc. — Continued, 



Dia. in 

Feet & 

Ins. 

39 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
.11 

40 ft. 

1 

• 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

41 ft. 

1 

% 
3 
4 
5 
6 
7 
8 
9 
10 
11 

42 ft. 

1 



Area in 

Jj'eet. 



1194.5934 
1199.7195 
1204.8244 
1209.9577 
1215.0990 
1220.2542 
1225.4203 
1230.5943 
1235.7822 
1240.9810 
1246.1878 
1251.4084 
1256.6400 
1261.8794 
1267.132'f 
1272.3970 
1277.6692 
1282.9553 
1288.2523 
1293.5572 
1298.8760 
1304.2057 
1309.5433 
1314.8949 
1320.2574 
1325.6276 
1331.0119 
1336.4071 
1341.8101 
1347.2271 
1352.6551 
1358.0908 
•1363.5406 
1369.0012 
1374.4697 
1379.9521 
1385.4456 
1390.2467 



Cii'cuni. 

In Feet ft 
Inches. 



122 6i 

122 -9^ 
123' 0^ 

123 3§ 
123 6J 

123 9i 

124 li 
124 4i 
124 7| 

124 lOi 

125 U 
125 4^ 
125 7^ 

125 11 

126 2i 
126 5f 
126 ^ 

126 llf 

127 2J 
127 6i 

127 9 

128 0^ 
128 31 
128 6^ 

128 9^ 

129 OJ 
129 3^ 
129 7 

129 10^ 

130 IJ 
130 -4^ 
130 7| 

130 lOJ 

131 IJ 
131 5 
131 8i} 

131 llj 

132 2i 



Dia. Ill 

Feet & 

lUB. 



2 
3 

4 
5 
6 
7 
8 
9 
10 
11 

43 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

44 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

45 ft. 

1 

.2 
3 



Area in 
Foot. 



1396.4619 
1401.9880 
1407.5219 
1413.0698 
1418.6287 
1424.1952 
1429.7759 
1435.36t5 
1440.9668 
1446.5802 
1452.2046 
1457.8365 
1463.4827 
1469.1397 
1474.8044 
1480.4833 
1486.1731 
1491.8705 
1497.5821 
1503.3046 
1509.0348 
1514.7791 
1520.5344 
1526.2971 
1532.0742 
1537.8622 
1543.6578 
1549.4676 
1555.2883 
1561.1165 
1566.9591 
1572.8125 
1578.6735 
1584.5488 
1590.4350 
1596.3286 
1602.2366 
1608.1555 



Circiim. 

in Feot k 

Inches. 

132 5S 
132 8J 

132 11^ 

133 3 
133 6i 

133 9i 

134 Oi 
134 3t 
134 ^ 

134 '9^ 

135 ,1 
135 ^ 
135 7i 

135 10^ 

136 1| 
136 ^ 
136 7^ 

136 11 

137 2k 
137 5; 
137 8§ 

137 llj 

138 2J 
138 ^ 

138 9 

139 Oi 
139 3i 
139 61 

139 9| 

140 OJ 
140 3|| 
140 7^' 

140 10^ 

141 1^ 

141 4 

141 7^ 

141 lOJ 

142 IJ 
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bdkgh's practical rules for 

DiAMETEBS, Areas, etc. — Contintied. 



Dia.in 
Inches. 



4 
5 

6 
7 
8 
9 
10 
11 

46 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

47 ft. 

1 
2 
3 
4 
5 
6 
7 
8 



Area in 
Feet. 



1614.0819 

1620.0226 
1625.9743 
1631.9334 
1637.9068 
1643.8912 
1649.8831 
1655.8892 
1661.9064 
1667.9308 
1673.9698 
1680.0196 
1686.0769 
1692.1485 
1698.2311 
1704.3210 
1710.4254 
1716.5407 
1722.6634 
1728.8005 
1734.9486 
1741.1039 
1747.2738 
1753.4545 
1759.6426 
1765.8452 
1772.0587 
1778.2795 
1784.5148 



Circam. 


Dift. in 


in Feet 4 


Feet ft 


Indies. 


Ins. 


142 5 


9 


142 8J 


10 


142 Hi 


11 


143 2J 


48 ft. 


143 5^ 


1 


143 8i 


2 


143 111 


3 


144 3 


4 


144 6i 


5 


144 9i 


6 


145 OJ 


7 


145 3i 


B 


145 61 


9 


145 9J 


10 


146 li 


11 


146 ^ 


49 ft. 


146 7i 


1 


146 lOf 


2 


147 li 


3 


147 4| 


4 


147 7i 


5 


147 11 


6 


148 2J 


7 


.148 5i 


8 


148 8| 


9 


148 Hi 


10 


149 2§ 


11 


149 5i 


50 ft. 


149 8^ 





Area in 
Feet. 



1790.7610 

1797.0145 
1803.2826 
1809.5616 
1815.8477 
1822.1485 
1828.4602 
1834.7791 
1841.1127 
1847.4571 
1853.8087 
1860.1750 
1866.5521 
1872.9365 
1879.3355 
1885.7454 
1892.1724 
1898.5041 
1905.0367 
1911.4965 
1917.9609 
1924.4263 
1930.9188 
1937.3159 
1943.9140 
1950.4392 
1956.9691 
1963.5000 



Gircom. 

in Feet ft 

Inches. 

150 Oi 
150 . 3i 

150 6| 

150 9J 

151 OS 
151 3| 
151 6J 

151 lOi 
162 li 

152 ^ 
152 li 

152 10| 

153 If 
153 4i 

153 Si 
1 153 Hi 
' 154 2f 

154 5i 
154 8| 

154 Hi 

155 2i 
155 6 

155 9i 

156 0^ 
156 3^ 
156 6| 

156 9i 

157 0^ 



SYNOPTICAL INDEX. 



HroH-PasssuRS Evoins 11 

Cylinder 16 

Cross-Head or Connecting Pin... 23 

Connecting Rod 24 

Crank and Shafts y.. 29 

IXesigning 12 

Eccentric ^.. 26 

Eccentric Bod, Band, and Bolts. 27 

Fly-Wheel 80 

Feed Pump 81 

Feed Pump Relief VaWe 83 

Guide Block 23 

GoTernw 84 

Horse Power (Nominal) 13 

Main Framing 27 

Power 13 

Power (Actual) 15 

Piston 22 

Piston R.jd 23 

Stuffing Box and Gland. 19 

Steam Poi-t (Supply) 20 

Slide Valve 20 

Slide Casing 21 

Bbam EiroiirB (CONDXNSiNa) 36 

Beam 42 

Beam. Wrought Iron 43 

Cylinder, Thickness 38 

Crank, Cast Iron 46 

Crank Shaft ^ 46 

Crank, Wrought Iron 46 

Condenser 50 

Connecting Bod 44 

Eccentric Rod 47 

Fly-Wheel 40 

Gear for Working Slide YalTe... 46 

Pumps, Air and Feed 60 

ParaUel Motion 40 

Ports „ 87 

Power 87 

Harinb Scesw ENOunts 61 

Air Pumps 65 

Air Pump Piston 60 



Bai^o Frame 97 

Cylinder 56 

Condenser 65 

Connecting Rod , 76 

Connecting Rod, Single Ends.... 77 

Crank and Shaft 81 

Casing (Valve) 61 

Common Slide Valve 56 

Common Slide 67 

Common Equilibrium Slide 58 

Coupling, Wrought Iron 87 

I>onkey Engine 123 

Exhaust Steam Pipe 68 

Eccentric, Rods, Bands, and 

Bolts 80 

Exhaust Relief Slide Valve 57 

Exhaust Relief Equilibrium 

SUde Valve 68 

Equilibrium Slide Valve 58 

Frame, Banjo, for Large En- 
gines 90 

Feed Pupp 70 

Frame, Main 81 

Frame, Baqjo, for Small Engines 98 

Guide Blocks 71 

Guide Block, Common 72 

Guide Block, T, and Cros» Head 73 

Guide Frame 74 

Griffiths' Screw Propeller, Pro* 

portions of. 02 

Injection Valve 67 

Injection Area 68 

Power, Nominal 54 

Piston 62 

Piston Rod, and Stuffing Box... 64 

Power for Screw Propeller 92 

Slide Valve link Motion 77 

SoUd Link 78 

Screw Propeller 89 

Screw Propeller, Pitch of. 92 

Screw Propeller, Griffiths' Pat- 
ent 92 

Stem Bracket 100 

Surfiice Condensation 120 
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SYNOPTICAL INDEX. 



8t«ni Tabe mkI Stufflng Box.... 87 
Thnut Block and Scrow Bimft.. 83- 

TurniDg Ooar and Coupling 86 

Twin Screw PropoUion 132 

ValT6 GMing ^ «1 

Valves, for Air Pomp 66 

Valve Beating 66 

Valvee, Arrangement oC 66, 66 

OeaLLATiHO SHouris 101 

Air Pump 106 

GondeDwr 100 

Crank Shalt 107 

Crank Pin 108 

Cranks 108 

Cylinder, Thickness of Metal.... 103 

Disengaging Qear 108 

EntoblHture 4 100 

Length of Stroke 103 

Lower Frame 109 

Power, Nominal 102 

Pi«tA>u Rod 104 

Paddle Wheels :.... 110 

Paddle Wheels, Feathering HI 

Starting Gear for Screw and 

Paddle Engines 112 

Starting Gear, Position of. 113 

Trunnions and St«un Passages.. 106 

Yaltm, bto 116 

Cylinder Relief Valve 117 

Expansion Valve 118 

Exhaust Water Valve 123 

Kingston Valve 116 

L4in> AND MARINS B0I1BR8 124 

Land Boilers, Proportions of..... 124 

Lifting Gear for Funnel 120 

Marine Scalers 127 

Safety Valve, Land 126 

Safety Valves, Marine....*. 130 

Superheating 131 

MisoKLLAiraous 132 

Coal Bunkers, Marine 143 

Decimals, etc 147 

Eccentric, Position of; for lAnd 

Engines 133 

Eccentric, Position o^ for Marine 

Screw Engines 134 

Fire Bars 143 

Keys and Cotters 130 

Link for Land Engine, Radius 

of 133 

Levers 138 

link for Oscillating Engine, Ra- 
dius of. 135 

Link for Marine Screw Engine, 

Radius of. 134 

Proportions of Connecting Rods 

having Strap Ends 137 

Paddle Wheels, Centres of Rap 

dins Rods 136 



Plummer Blocks 140 

Proportion of Steam Cocks with 
Plugs secured by Nuts and 

Screws..... 145 

Proportion of Marine Cocks, 147, 148 
Proportions of Bolts, Nuts, etc. 149 
Proportions at Pins, Studs, 

Flanges, etc 150 

Proportions of Copper Pipes 161 

Proportions of Enj^nes. 162 

SUding Quadrant 136 

Toothed Wheels (Gearing) 141 

PBOPOKTIONS OV ENGIirKS PKO- 

DUOKD BT THS BuUta 162 

Proportions of an Engine 20 HP 

Nominal 162 

Cylinder 166 

Dross-Head or Connecting Pin... 165 

Connecting Rod ..166 

Crank and Shaft 168 

Eccentric 156 

Eccentric Band and Bolts 167 

Framing, Main 167 

Fly-tTheel 168 

Feed Pump , 169 

Feed Pump Relief Valve 160 

Governor lt;0 

Guide Block 155 

Piston ,; 154 

Piston Rod. 156 

Ports 153 

Slide Casing. 164 

Proportions of a Condensing 
Beam Engine, 160 HP Nom- 
inal 161 

Cylinder 161 

Connecting Rod 163 

Crank Shaft 163 

Crank 163 

Fly-Wheel 164 

Gear for Working Valves 164 

Main Beam „ 162 

Parallel Motion 162 

Pumps ...-. 164 

• 

Proportions of a Pair of Marine 
Engines of 200 HP Collectively 165 

Air Pump 167 

Bai^o, or Lifting Frame 176 

Coupling 176 

Cylinder 166 

Condenser 167 

Connecting Rod 170 

Crank and Shaft 172 

Eccentric Bands, Bolts, and 

Rods 171 

Feed Pump 169 

Guide Block 169 

Guide Frame 170 

link (SoUd) 171 

Main Frame 173 
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Pbton 166 

Screw Propeller. 176 

Stem Tube and Stuffing Box.... 175 

Stern Bracket 177 

Screw Shaft Block 173 

SUde Yalve 166 

Throat Block 173 

Turning Gear and Coupling 174 

Yalye Gaaing 166 

Valyea 168 

Proportions of a Pair of Oscil- 
lating Engines of 400 HP Ck>l- 

lecUyely 177 

Air Pump and Ck>ndeDser 179 

Cylinder 177 

Crank Shaft 179 

Crank Pin 179 

Cranks 180 



Entablature 180 

Lower Frame 180 

Paddle Wheel 180 

Paddle Wheel, Details of. 181 

Tmnni(»is and Steam VuMgea. 178 

PROPoanoNS or Boiuns 181 

Proportions of a Land Boiler 20 

HP 181 

Proportions of a Marine Boiler 

200 HP 182 

Safety Valve 184 

Superheating 184 

Signs (Algebraic) 186 

Table of Specific OraTities 185 

Table of Careles (Inches) 188 

Table of Circles (Feet) 209 

Water, Grayity of. 185 
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American Miller and Millwright's Assistant: 

A new and thoreughly revised Edition, with additional 
Ex^graviugs. By William Carter Hvghbs. In one vo-l- 
ume, 12 mo., $1.25 

ArmeDgaud, Amoroax, and Johnson. 

THE PRACTICAL DRAUeHTSMAN'S BOOK OF INDUS- 
TRIAL DESIGN, and Machinist's and Engineer's Drawing 
Companion ; forming a complete epurse of Mechanical 
Engineering and Architectural Drawing. From the French 
of M. Armengaud the elder, Prof, of Design in the Con- 
servatoire of Arts and Industry, Paris, and MM. Armen- 
gaud the ypuhger, and Amouroux, Civil Engineers. Re- 
written find arraQged, with additional maiter and plates, 
selections . from and exainples of the most useful and 
generally employed mechanism of the day. By William 
Johnson, Assoc. Ins.t. C EJ, Editor of ^*The Practical 
Mechanic's Journal." Illustrated by fifty folio steel 
plates and fifty wo'dd-cuts. A new edition, 4to.,;..$l'0.00 

Among the contents are :~'lAnear DrawifUft D^nitiont and Problemt^ 
Pate I. Applications, DesipkS for inlaid PavementB, Ceilings asd 
Baleootee, Plate II. Sweeps. Sections and MouldingB, Plate III. £Ie 
mentary Gothic ForitfB ana Rosette vPlate IV. OvalSt^JEU^rses, 



PBACTICAIi AND BCIBNTIFIC BOOKS, 

ParaboiM and Volutes, Plate V. Rules and Practical Data. Stvdf ^* 
PrcAedioPMy Elementary Principles, Plate VI. Of Prisms and other 
Solids, Plate VII. Rules and Practical Data. On Coloring Sectiont^ with 
Applicniiont-'CoayentionBl Colors, Composition or Mixture of Colors, 
Plate X. OonHnuatUm Ojfi the 'StaSfof Prpjeciion^Vw&Kit sectioon-^e- 
^l8 of mad^eKT^ Plate %lr mssfl^ apfiHrat^nsrHifiadiM. ^afts, 
,aaiipl<Ag0,\^dcia patt^|qji| JPla> XII. Metlod ol lojiitniotiiig a 
w^ooden model or pattern of a (^ouplilig, Eleifieiit&iy^appHcBtioaS' 
rails and chairs for railways, Plate XIII. RuUi and Practical Data- 
Strength of material, Reststaaoe. to compression or crushing force, 
Tensional Resistance, Resistance to' flexure, Resistance to torsion, 
Friction of surfaces in contact. 

THE iHTEnfEcrrion am* Dctelofmvmt lyr Sv«i'^e%jWitb Ap- 
PUCATtOM«.-^TAe Merteckon of KJjfinA&i ani CkMetr- JlBaVt tXIV. Tht 
Ddineation and Development of Helicee, Screw and Serpentinee, Plate 

XV. Application of tne helix— the construction of a staircase, Plate 

XVI. The Interseotio* of JB«rf4ce*-MH[>ilill(»tittis to stop-cocks, Plate 

XVII. Rida and Practical Doto— Steam, Unity of heat, Heating^ surface. 
Calculation of the dimensions of boilers, Dimensions of tTregrates, 

t C^hkmneyS) iafBty-yalvas* * . ' .i^ 

The Studt and Construction or Toothed Geak.— Involute, cy- 
cloid, and epicycloid, tilates XVlH^all^.lCIK. Infolute, Fig. 1, Plate 
XVIIL Cycloid, Fig. 2, Plate XVIII. External epicycloid, described 
by a circle rolling about a fixed eiscle inside it. Fig. 3. Plate XIX. 
Internal epicycloid, Fig. 2, Plate XIX. Delineation of a rack and 
ptnioD la:gear, Tig, ^PLste XVHI; Gmaingat a wpnoTWilj^ a worm- 

> wheel, rEigs. 6 and 6. Plate XVIIL CuUn^rioal or Spur Gearing, Plate 
XIX. Practical delineation of a bbuple at S|^ur-whe^Iflr, Plate* XX. 
The Delineation and Conttruction of Wooden Patteme^finf fToatlied' Wheeltj 
Plate XXI. Rides an4 Practical vdlo^— Toothed, gearidg, Angular and 
circumferential velocity of wheels. Dimensions of gearing. Thickness 
of the t^th, Pitch of the teeth, Dimensions of- the web, Number and 
diniensiotis of tile Arms, wooden patterns. ' s 

Continuation or the Stvdy or Toothed Gear.— Design fot*a 
|>air bl bevel-wheelB in gear, Plate XXIl.,,OcnMtri«otlon,0f wgpden 
pajfcteraa for a pair of bevel-wheels, Plate XXIII. Jnwmde' and 
Belic<dTeethj Plate XXrv. Confrivancit for ^obtdiniindDl^riniial 
jtf(» w gff i «U»^The deMneationof eecentriesaadeauiet PlMtteXXV. - Jtvlet 
and Practical Da<a— Mechanical work of eff\Bct, ^he pimple machines. 
Centre of gravity. On oBtlmatiBr the power of priane moveiflktpalibu- 
lation for the brake, The Xhll of DocQes, Mbmentum, Central-forffek/ « 

EtKKi»tART PRaNOipiJcs'OF fiHADOWs.— 5^4ul<nos </ PriiftHtPyro- 
midt and Oylindert/^lhie XXVI.. PHncipUM o/ Shading!, Flstte XX.VII. 
Ck^rOinuaHofi of the &udy of ShadotM^ Plate XXVin. Ttuaak Order, 
Plate XXIX. Rulee-andjFraoHeal Data^PumpBj Uydrofltatic pvinsiples, 
Forcing pumps. Lifting and forcinf; pumps. The Hydrostatic press, 
Hydrostatical calculations and data^discharge of wUter thxouni dif- 
wrent orifices, Gaging of a water-ei6Ur«e of uMfepM veiQtioniana>fal], 
Velocity of the bottom of waternsburies, CaUmltftiOo ol. the d^sebarge 
of wit^ through rectangular orifices, of narrow edges. Calculation of 
the discharge of water throu^ oversKoi outlets, ^rd- determine the 
width of an overshot outlet, TO detel^inllte the dtpOLnofUit outlet. 
Outlet with a spout on duet. .; ^ ■- 

. ArPMCATiON or Shadows to Toothed Gear, Plate XXX. . -Ap- 

. plication of Sbadflws to Screwi, Plate Xxxl. Appticdtion of Shadowe to 
a BoUer anHitt Funiace, Platie XXXII. Sh^ina'in ^lack^SheMff in 

: Colore, Plate XXXlKw' ^ ^ . 

The Cutting akd SuArisQ of Masok]^y,, Plate XXXIV, RtUeo 
and Practical Dcrfa— Hydraulic inot'ors. Undershot t^ter wheels, with 
plane floats and a circular ehftdnel, Width) Diavcterv Ve)o«ity» JN.um- 
ber ai)d capacity of the bucketiv UMfbl effect tt the WAtef wheel, 
Overshot water wheMs, VV^ftt^^he^te wttb' radial IBaata, Watarwhael 
with curved buckets, TUrl^ftiet. 3teflMrte on, Maehine TmU. 
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MicliCOiliUnfUoag^ Th6 'Wcetchinp of Machinery' VlAteB XxXV. Knd 
•XXXVl, imainp mdhtne;- imivt Mttchinies,' Water VlifedlB, Oon- 
BTHtctton Mdfl'iiettinf tipof^w<ater wheels, Dell&e«itibai of itfater wheels, 
Design for wrwAter weeI,f9ki&toh of a water <,wheel| Ovtrthot Water 
Wheelg. Wate^ Pump». .Plate XXXVII. Steani Motors; High-pressure 
^xpansive stea'to en^tte, Pl^rterf XXXVI!!., XXXIX. and XL. DekiUe 
^/ CanstriKtion,' MovementB of the .DistribfOion' and- £aepan»ion Voltes ; 
Rules and Practical Data — Steam engines : Low-pressure condensing 
ejiglnes wtthout fexpanslon vaWe, Diameter of piston. Velocities. 
9tlm|>lpe9 apd'pa9pages,:^r-ptV>np ftA^ condeqser^XoId-water 'and 
feed-pumps. High-pressure expansive engines, Medium pressure con- 
densing and expansive steam engine, Conical pendulum or centrifugal 
governor. 

: Ovi^mnB .IfBOJSG'irtos^.^lSrpplilQftUon of fvilAf to the deUneotloii of 
•n qscillatkig qylinder, Plai^ XlX.- 
PAliALLiit PERSi*ECTivE.-i-PrinM]jlcHana ai^pHcatiOris, l^latei XLII. 
T-Bttfn PER«»£€TiV£^-*^ementB<ry principles, Plate XxJILAppli- 
;catton|:-flour pjill driven by belts^ Flatus XLIv. and XLV. Deeorip- 
tion 01 the mill, Representation of the mill in perspective,' Notes of 
tee&it improvements in flour mills, $Qhiole'« mill, MnUin's '^ring n^ll- 
.itone,'''- Barxtett's miliatone, Hastie's arrangement for driving nodll^, 
.Curried improvement* In mlilstones ; Sides and Practical Zhxtar^wotk 
.per£oa*med by various machines, Flour miUs, Saw mills, Veneer-saw^ 
imaohines^ Circular saiwsv . > . 

fixAMTLES or Finished Drawinop of. Machinery.— Plate A, 

Balanoe water-meter; Plate B, £|)g^eer'8 shaping machine} ^late 

•CD£, fixpreSB locomotive engine^ Plate F., Wood planing machine; 

Plate G, Washing machine for piece goods ; Pl^-te H, power loom ; 

Plate I, Duplex stieam boiler ; Plate J, Direct-acting marine engines. 

Drawing Instruments. .,.,. 

Blum, A Practical Workshop . Compnion 
" for Tin, Sheet-Iron,' and Copper-Plate 
./■■ ;.Woi*ei«;!. :;• -''.:'''\r v,-,.: 

' Coi^tainiiig. Rffles fd'^tllesOTibtii^ TArfowa kinds of Patterns 
; tis^d Ijy Thi, 8heet-ir6ri, and' Ooppwr-Platef" Wdrk^rs ; 
P!i*aCti'oal'Ge(5^etr7 J M^»iii<atidii of 8af faces and Solids ; 
' Ta'bles of 4'K^ WeigbH/^of Metals, Lead Pipe, ei^. ;:TAbles 
g{ Areas aiid ^Gipouiiiferencesof Ci¥dles ; >Japan8, Varnishes , 
tadkers; Cements, Gompositlonsj efo. eto. By Leroy J. 
BlihDf. With nnmetofis UiUBtrations. 12mo..*.^.».<$2.50 

Beans. A Mti^e on Bailroad Ciirres and the 
Locafib'n' of Railroads. ' 

By B. W. Beanff^iC.'S. ; 12teOi (in press.) 

^Bi^%, A History of American Mannfacinres, 

.' Frtftn 16€8 t6 1860; exhibiting the Origin and Growth 
''-■ of the Principal Mechanic Artd and Manufactures, f torn 
:•. the EaitUdit Colonial Period to. the Present Time ; with a 
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Ifotlce of tlie Import ani fhv^entiOBt) TariffB, andtha'Re- 
•alU ot each Deoennial Censas. B^y J. Leander BiBboj^ 
M. D, : to widok is addad NotM .on th« Prmoipal'JIanu- 
' factnring Centres and Uemarkable Manufactorii^ai. By 
Sdvrard Yoong and Edwin T. f reedle/. In two vols., 

OtrO* at******* ••••••••• •••*••••••••••••••••• ••«•*•••• •••••»•** A«**t«*** vO*^A' 

Boekbindtng : A Maiml of the Art »f B^ck 
binding, 

Containing fall instmetions in Iffae diffi^rent Branches of 

. Forwacdiag, Gilding  and ^nUhing. Also, the Art of 

Marbling Book»edges and Paper. By James B. Xticholson. 

niastrated- 12mo., cloth, , ,<$2.25 

' COKTBNT8.— Sketch of tbe Progress of BookMnding, Sheet- 
W<'rk, Forwarding the Edges, Marbling, Gildinj^ the Ed^es, COTerinc, 
Half BlndlBg, Blank Binding, Boarding, Clolflk-work, OnuLraental Art, 
Finishing. Taate and Desigii, Styles, GtMliig; IIlUBilnated Binding. 
Blind Tooling, Antique, Coloring. Marbling, Untfom Cblon, GoU 
MarMlng, Landscapes, ete., InlaM Ornaments, Hartnony of ColSrs. 
Pasting Down, et«., Stamp or Press-work, Restoring the Bindings di 
-Old Books, Supidying imperfeetloss in Old Books, mats to Book Col- 

■leetors, T6chnioal Lessons. -• . ' 

• ... 

jRootli and M«rfit The Eneyclopedia of 
Chemistry, f ractieal and Theoreticial : 

Embracing its application to the Arts, Metallnrgj, Mine- 
ralogy, Geology, Medicine, and Pharmacy, By Jambs C. 

' BoorB, M^ltei! and B«4ner' in th^ jQni^ed States Mifit ; 

"Pi'ofeAbor of Applied Chemistry in the franklin Institute, 

etc.; assisted by Oamp^b^Ii MoBViT, ant)i?ipr,pf '^Chemical 

• ' Manipulations, '^ eiic. ?th Edition.. Complete in one 

Tolnme, royal • ootayoi 978 pages, with nnmerous wood 

' oiits and other iUustrationSy..*»»« .« .*. $5.00 

From the verr large tmoiber of sflttolca dn this.irelttdie, it Ut entirely 
iiQpo/isible to give a list of the Contents, but attention may be called 
for ]i(^ine among .^be^mhse el^orti^e,.Bucli|M Afl^ni^, AlcoholomelBVi 
Ainmonium, Ahaly8is/AntiinoBy,iArsen]^lBlcnrpiptes.i<&yanogen, !fils- 
tillation. Electricity, Ethyl, Ferm^ntatiea, iron^ Lead and Water. 

Brewer; (The C*nipl«te Pmetieal.)^ ' 

Or Plain, Concise, and Ascurate Instm«tions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., abd the Process 
of Making all the Small Beefs. By M. I/apatbtt« Btrn, 

M. D. With Illustrations. 12mo. *; 11.25 

' ** Man V tip old brewer will find in this book iraiuable hints anA'sug- 



F.IIBD18HBD.BS: MXXKEST iOAASY* BA/taD. 

*» "^^  I   I I I I   I  111 - - I fc    , 

llMtions wortliy>of-(wn0ldei«tioti4 aad thft>ntfH«e-canpOft<]iliiweU np 
ttt Ms tviide U all ttB parto^'-r^^Wtean. 

Bnilder's Pocket Cofflpanioa: 

' Containifig the Blements of BnildiBg^ Sarveying, and 

' Arohit el^nre ; wl th F^aotf eftl RhIob ' and Inst rtvotiiand ^pn - 

neoted with the subject. By A. C. Smbaton, Civil Ehgi- 

neer,, etc.j.Ixi ot\e Tolume, I2mo., ,.,/m..m*>** v'^A*2d 

OONTPBjWTS.-*-'TMe Builder. 'Carpenter, JoUier, Mason, PlAfttei^r,* 
Plumbei;, Painter, Smith, Practical Geometry, Surveyor. Cohesive 
.<»trengtft of Bodletl, AwAltecfc K r • / . 

."It glVf^B, ia !a Btnall mpeuWk tl|fr.ma«*>tMfOilgh.dlrMfioiui(to.fhe 
buUdery.from tJie.lMdng. qf.a: bi^(^ prthefeUiM ol a tree, up to the 
roost elaborate production of orniamental ardhttecture. . It is scientific, 
iHthout being obsdure and «»hi1^!HslbIe ; and everf li«u(ieM)ari>enter, 
maitter, Jourmr^Mintl^r appj:entiee«i«hQiU4 Mve «■ copy »t hand 
BdWfkY9^^l—£mnfn0 Bulletin, ^,, • ^ ; i 

Byrne/ The Handbook for the Artisan, Me* 
ehanic, and Kngineer^ 

< Containing lustruotions in< Grinding and Sharpening of' 

' Cutting Tools, Figuration of. Malterials by Abrasion, I^^jfijlV 

* dary .wb?3fi,. Gem ^nd Gi^s Engraving,. Yftirx^ishing ani 

Lackering, Abrasive Processes, etc., etc. By Oliver 

Pyrne. IUil|trat^ed with II large plates afnd iS5 ciltdu 

•8vo., cloth, ■..< .'.;... ....;;... fS.W 

- 002^1?Sl7TB.^*-6rfiuif Ag Catting T«»l8 on the OraittAYy Grijid- 
atotne; SharpenU^g Cutting Tools on tha Oilstone; Sfsttlng Raaf^fs; 
Sharpening Cutting Tools with Artificial Orinders ; Production of Place 
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Surfaces by Abrasion ; Production of Cylindrical Sutfaces .by Abra- 
; Production Of Conloal Surfaces by Abrasion ^ Brodiietion of 



%>herlcal, Surfaces by Abrasion: <^^asB Cutting; Lspidary. . Wonk ; 
Setting, Cutting, and Polishing Flat and Rounded tyorks ; Cutting 
Faucets ; Lapidary Apparatus fOr'AinateurS ; Gem ailtl Gl^ss Engi'av- 
ing; Seal and Gem Engraving; .Cameo Chitting; €t]ltst> Shgraving, 
yarni8})iQg. and Lackering; General Hemarka tq)ou Abrai|iv-e Ffo- 
cess.es ; Dictionary of Apparatus ; 'Materials and Processes for Grind^g 
euid'PolisiTing comihbnly employed In the M^ehanibal and yseflil Arts. 
''..,' . . . I' 1.'',.. .if' 'I 

Byrne. Tke Practicd Metal- worker's Assist* 
ant) .. : i. 1 . . c 



'Fctv T{n-p1tfte Tf^^flt^w^HMer^, Co^befsmitlui; Zinc-> 

'"^Ikte OrDJ*ilentfers And WtJTk^bj'WIrfe WotkerdJ White-' 

smiths. Blacksmiths, Bell Hangers, Jewellers, Silver and 



_ It treats of ' C<|stiM," ^bunding/ and] ITorging ; pjr;rong8 arid other 
toote; l>!gi>ees-6? Hef^V find mtt^^feiit of FW^s; Welding of 
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li«ftd&iicM<lfliMC»To«li{.Qf PoMhaBAaAAftvils; of Hardtntag a«4 
Tempering; of Malleable Iron Caatingi, Gaae Havdeniagy. : Wtmigbi 
and Cast Iron; the Management and Manipulation of Metali and 
Alloys, Melting and Mixing s the MaoMwmwut of Fwnaoes, Gaattng 
and Founding with MetalUeHoalda,Joi]tfilgind Working flheet Mel^ 
Pecuiiaritiea of the different Toola employed ; Procc^Bses d^TOndent on 
the duMttty of Metals ; Wire Drawid^y Drawing Metal Ttlfes, Soldei^ 
ii« ; The UM ^ the £lowvip«a and etwry #tih0r Inowra MstaJk WoiJcer't 
Tool . 

Byrne. Tbe Practical Model Calculator, ; 

For the Engineer, Machinist, Manafaoturer of Engine 

• Work, Kft^al Jkrekiteet, Mine^ and Millwright. By 

Oliysb Btb^b, Compiler and Suitor of the Diotiona^ of 

MaohioM, Meohaaica, Koigine W^rk and Engineering, an4 

Avthor of ip«rioiM Mathematleal and Meoha&ical Works. 

Illustrated bj numeroas engrayings. Complete in one 

Iffge Tolume, octaro, of nearljr six hi}ndre4pjtge8,..^.5A 

' Tte pvlieipal oT^etita of t'kii work ate : to estaUlih model oaloula* 
tions to guide practical men and students 3 to illustrate every practidal 
rule and principle by numerica) calculations, syst^stoatieally arranged ; 
to give information and data indlBpensable to those for whom it is in- 
tended, thus tturpaistag In tUuie any- other bbok of its character; to 
eooAomize the laboc of the practical iia»n, and to render his every-day 
MleulktlonB easy and coinprehe48ive. it will be fp|Lind to b^oneox 
tlio ttioet- oomprMe''aad valuable practieai books eter published. . 

■. .' • • . . . • • . ■• I 

Ciabinetmaker's and Upholsterer's Coiapanta;!, 

. Compris&Bg the Eadiments and Prinoipl^ of Cahinet- 

• ttakii^ and Upholstery, with Famfliar Iiietrtiotions, il- 
lustrated 1^7 Exapaples for attaining a prpficiencj in the 
Art oif Dmwlng, as applicable to Cabinet < Work ; the 

• prooeftses of Veueering, Inlaying, and Bnhl Work ; the 
. Ajrt if DyelDg aiJid Staining -Wood, Bone, Tortoise. Shell, 

Letr«:/Diireotien3 for Lackering, Japanning4 and Varnish* 
iBg'j' te make French Polish ; to prepare the best Glnes, 
^eofi^At'^, and Compositions, and a nnnxber of B.eoeipts 
particularly useful for Workmen generally. By J. Stokbs. 

, la o4e YolifLme, 12mo. With Hltis^itatioua^..} 11.25 

*' A large amount of practical information, of great servioe to all 
eonoerned in those branches of business." . ; 

Caittpiir.: A PracUea! Treatise jiijiiHecMQal 

Eftgm€er»g; 




4ik on tlie J^J^ly^& pf Iron and Irofn Or^^. . By Frjyj^is 
Campin, C* TSi. To which are added, Observations on the 
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Constmotlon of Steam Boilers and remarks upon FucxLacea 
• ttsddifor Smoke Prevention ; with a Chapter on BxplotfiOBsl 
By R. Am^^rong, O. E. , ^n^ Jo%n Bourne^ .Rules for Cal- 
culating the Change Wheels for Screws on a Turning tatiho^ 
aqd fo^ a Wheel-cutting MachiniB. By J. h& Niooa. Man? 
agement of Steed, incjuding Forging, Hardening, Temper- 
ing, Annealing, Shrinking, and Expansion. And the Case-, 
hardening of Iron- By G, Ede. 870. lUustrated with 29* 
platQS and 100 wood engravings. 8vo..... $6,00 

Colkro* The locomotive Engine 5 

- iueludlug a Deftosiption of its Structure, Rules foe Esti- 
'mating its' CapahiHtiies, and Practreal Obselrvations on tts 

' OoBStruetion and Management. • By Zbrah Colbubk, Il- 
lustrated. A naw edition. 12mo, $1.25 

** It Is if ia most piactical and generally useful work on tt^e Steam^ 
Engine that we have seen." — BoHon Travtier." , 

Dagueneotypist and Photographer's CompaQioo* 

12fma,, doth...... .,' $1»26 

  • ', 

Distiller (The Complete Practical). 

Bjr M. Lafatbttb Btbit, M.1). With niusirations. ISmo*.) 

fl.25 

** So stiiipllfied. that It is adapted not only to the use of exteinrive 
Btotillers, but for every farme^ or others who may want to engage iR 
DiBtiXOskg.^'^Baniun' <if tfu Union, 

Dnssaace. PraeticaL Treatise 

Oh thx FABBiOiLTiQjr of Matghss, Qjjv O0TT<»r, and Fului- 
KATiiro PowpBBs. By Prof. H. Dussatlce. 12mo.,....$3.00 

coif T.EITTS,— PfcwAonw. — History of Fhosphorus; Physical 
Properties; Chemioajl Properties; Kati^ral State: Preparation ot 
White Phosphorus } Amorphous Phosphorus, and Benoxide of Lead. 
iCat<:^««.~Preparation of Wooden Matches ; Matches inflammahle by 
rubbingi without npise] C!ommon Lucifer Matches : Matches without 
Phosphorus } Candle Matches; Matches with Amorphous Phospho* 
rua.; Match^ and (Lubbers without Phosphorus. Qun CbttoTu— Proper- 
tiea; Prepajration; Paper Powder; use of Cotton and Paper Powders 
lor J^lniiHktiflg Irime^, etc.} Preparation of Fuloiinating Primers, 
etc.i eto., .  . . 

Dassauce. Chemical Receipt Books [ 

A Otiu^ral Formulkry* for th^ Fahrioation of Ii)»«ding; 
Chemicals, and their Application to the Arts, Maoufao* 
tures, Metallurgy,' and Agriculture^ By Prof. H. Dus- 



FaAOTICAIi AXn> SOIQNTIFZO BOOKS. 

DTEOTG, oALioo FRnrrnr0, oolobs, cotton sfht- 

HDIG, AND WOOLEN MANUFAOTUfiE. 

Baird. The Ameriean Cotton Spinner^ and 
Manager's and Carder^ s Guide: 

A Practical Treatise on Cotton Splnntng ; g^vln^ the Di- 
mensions and Speed of Machinerj) Draught and -Twist 
Calculations, etc.; with Notices of re«ent lmprov:ements : 
together with Rules and fisamples for in«iking^«hanges' 
ia the sixes and anmbers of Bovii^g. and Yarn^ Cc^sa- 
piled from the papers. of the l^te Rol^^rt ^. 3alrd. 
12mo..^ *• •. M.....*M,-...$l.ii5 

Capron J)e Dole. Dnssauce. Bines and Car* 
mines of Indigo : 

■A Praotieal Treatise qn the IVihricatioai^of every Chumer 
«ial Product derived from Indigo. B^ Feliqijen <?,ajM'^n 
de Dole. Translated, with important acl^iiions, t)/ Pro- 
fessor H. Dussauod. .12mo^. „^,,t.«..„.o*:. ...... ,;.$2.50 

Chemistry Applied to Dyeingi- 

,. By James Napier, F. C. S. Illustrated. 12mo....«...$2<5iO 

CONTENTS. ~a0n«raZ PropMitm qf Jf<tfffr.~Heat«. Light, £1^. 
ments of Matter, Chemical Afflnitv. Non-MetaXUo Svbttaneee. — Oxygen, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, Iodine, 
Bromine, Fluorine, Silicum, Boron, Carbon. Metallic Substancea.^" 
General Properties of Metals, Potassium,, Sodlutn, Lithium, Soap, 
Barium. Strontium, Calcium, Magnesium, Alminum, Manganese, Iron, 
Cobalt, Niekel, Zinc, Cadmium, Oopper, Lead, BIsmvth, Tin, Titanium, 
Cheomium, Vanadiujo, Tiuufatenuoi or NVoUram„ Moljt^eQum, TeUa- 
rium, Arsenic. Antimony. Uranium, Cerium, Mercurj. Silver, Gold, 
Platinum, Palladium, malum. Osmium, Rhodjnm, LaBthanium. Moi>- 
tin*}/*.— rRed Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina^ Black Iron' Liquor, Iron atnd Tin 
for Royal Blues, Acetate of Copper. Vegetnbte Mattert %i»ed in Dyeing.'^ 
Galls, Sumach, Catechu, Indigo, Logwood. Brazil-wpods, Sandal-wood, 
Barwood, Camwood, Fustic, Totjng Fustic, Bark or Quercitron, Fla- 
Flne, Weld or Wold, Turmeric, Persian Berries, Sfctfflower, Madder, 
Munjeet, Annota, Alkanet Root, Archil. Projhsed j^ei» VegetdbU' 
Dyes.—ddoTHr\^et^ Cartyaru, Wongshy, Aloes, Pittieal, Bai^bary Root. - 
AnimrU Matters used in Dyeiny.— Cochineal, Lake or Lac, Kerms. 

This will be found one of the most valuable books on the sul^'eot of 
dyeing, ever publuhed in tlitB aofintry. ' " . [ ., 

DnssBBce. Treatise .cfn the Coloring Mattefs 
Derived from Coal fai?;-. 

Their Practical Application in Dyeing 'CMtod; Wool-, •ad 

8 



puBuiBHEOi BY ttmaLtOAitax baud.' 



m^ 



CO!STElITrB.-.HlitorlcsllJ(itlce ot the Art of DvBlns— Cl 

PrlnslplealortllBAHof "— '— ' "-■ '-— — " ■■— —  

HorduiU— DretnK— On t 

■— HlMory ol 



kHoilng Matten pnKruce< 



DIatmsUoD ol Coal Tar^HlMory of AnlUnc~PKnierUei of ADlllne— 
I>ilepfi'/if£#aIAiil!|n»aif«mf Minmi'Tst— AiiiaqlHlFr^piiTstloa 
or ADllIae— Frepsrallon of Beoiole— Fropertiei i]rBeniole~-P[eparH- 
tton of Nltro-Beniole— Trsmformatlon of NlMo-Bentole lato Aniline, 
b7 meuu of SulpblOe of Ammonium ; tar Nuseat Hydrogen ; by Ace- 
tula of Iron i Hnd by Atienlte o/ Poliwfi— PtontrttM of the fal-Sltip. 
BenztdB— AnUlna Purple— Vlollria — Hoaelne — EmeraUlne — Bleu Se 
Full— FatHhlne, oi MHEenM-^CalorlnE Kattera obtained by otber 
bmiH flDiif CmL XW-T-nitnMO-meDVllju— si jyitro-AulUne— Nltro- 
Plian]Flli)»^«nD.A«ld—KM!llejkeliV-iuUiH>llse~tJBntbaline Colon 



'C(iaitaiiiiag.np.wajda..'}f. twij hnuiredReoeipte f^rmaliiBK 
■CoioJii, , op, U^ nioBl appealed,. priuciplaa, far all tli* 
iTadaat s^as and fabrics noxjin axlatenoe ; with Iho 
'EMotftttig'PreoeBS, and plaitt Direct JOna for Preparing, 
Washiug-off, and Finlsbing the Qoadg. Second edition. 
lu one volume, 12mo • (1.2& 

Ftwrt Dyer, (Ilie)i . 

•Cwm^liimB the AM of Dyeing in Woolen, fiilfc, Ootten, 
i'Ai., 4to. Bj M. U.. Hittlitalt, . Vamaud, Da-JonteiiellB, 
Thillaje, and Mallepeyre. (Inproi.) 

Loye. Jhe Ar('»fDyein|, Cleaning, Scouring, ' 

(hi taW MoBi' Appro YBD IftiaWa' abd Fbbkch Mbthods; 
beibg l^Mtlteal Instintaiions in Dyeing ^iks, 'Woolens 
•»lid CotlooS, ■Feathorg, Chips; Straw, ate, Suonring and 
dl^iitiilie Bed aiVd Wlndoi^ Curtains, Carpeta, Tt-aaa, ato', 
'i^enatl and' Knillsh' Olftanlng, any Color or FabHo ot 
■Sift', Bftt^n'J or DamBsk.- By Thomas Lova, a woiKlng 
^Dyeraiid'WoiirBi^, Ih one volnme, I2mi>.: $3.00 



KBAOTICAXi AND BGDOamVIO i BOQXfl« : 

O'Neill. Chefflistiy of Calico Frilitlitg, Dfre* 
lug, ud fileaehiBg; 

Inoladiiig Sillien, Woolen, and'Hize.d Ooods ; PrMtibal 
and Theor«tioflL By ChtaUs O'NaiU^ . (laprtit.) 

O'Neill. A Dietionarj of Calico Prinfiag and 
DyciDg. . , : ,i 

By Charles O'lVellU ^Inprm,) ,.' { 



t' 



Scott. The Praetical Cottoii'Spiiiiier and Man- 
ufacturer; 

Os, This Hasaobb ako OyBRLooKBK's Compahior. . This t 
work coDtftins a ComprehenBive 'Byfltem of CalculatioiMi 
for Mill QeariBg a&d Maohinery^ from the first Moving . 
Poir«r, through the different proceaseli of Carding, Draw- 
ing, Slabbing, Roving, Spiunin]g, and Weaving, adiipted-^ 
Ho American Maohiner/, Practice. ^M^^itT^ages. Co^pen- 
dions Tables of Yarns )ind Reeds are added. Illustrated 
by large Workirig-Drawin^s pf the »ost ap|)]M>vbd Amwt^4 • 
can Cotton Machinery. Complete in one vomme, oo- ' 
tavo V ..*.v«....*;...i ...^..$(.00 

This edition of «cott*i Cotion-^hner, bj OUvbr Bytn^/ls detdgtied 
for the AraerioaB Operative. It will be foiiiul Intenieky «)raotleaI,-aixl 
will baof tbe greateat poMible value to tbe AIana£fir«9v«]^e^,ajs0 

Workman. , 

.  ' . •> .1". f 

Selliers. The ColoMniier. ' .' . 

By John Sellers, an Experienced A-actical' Workman. ' 
To which in added a Catbchism of CiiBMiSTBT. In one 
Tolnme, 12mQ :. ......:. ..^.«»hi$2j60 

Smith. The Dyer's Inslractor; • . .! 

Comprising Practical Instructions in tbe^Art pf Dyeing 
Silk, Cotton, Wool and Worsted, and WcioUu'dobds, as 
ISingle «md Two-colored Pamasks, ^pre^r,/' Q^ml^^, 
Lastings, Shot Cobourgs, ^SUk 0tripe4 Orlp^f^fy^aSp^f)l^ 
leans, from White and Colored Warp?^ Me|'inoi§,]]i¥oole^s, 
Yarns, etc; cpntatning nearly, eig^t hi?i:^dTe4 ^^oeip^. 
To.iyhich is added a Treatise on the 4^ti(^ PaddingKa^ul 
the Printing ,of Silk Warpa^ Skei^ fnd Han^evchief*t 
and the various. Mordants and .Colors for the diiforeiit 
10 



pi^'L¥8&£!d BtT'^irem^^ o^witit saibosi. 



'Biyles bf'sneh work; fiy'i>avC«l BiriUh, PaiUOTn Byer. 
A new edHfioto, iil brie Voltittte, l2me. ;. ... i.. ..; .....; .:;|3.©0 

^Cdl9■T!toa"^^)3.--"^^o6l Dteln^,- (jO receipts— Cotton Dyeiln^, eft'ie- 
eeipts^Silk "Dseiti^, m ffio^lptfi—yfoileh Vara Byeingfdd tto^lpii— 
Wont^c}. y w:^ . Dy.^iflS*.^*. Jfic^tptq— Woplen Pjeing, 62 reQe(pdbB^Qa- 
mask Dyeing, 40 receipts — Moreen Dyeing, 38 receipts — Two-Colored 



Damasl^ Dyeing, 21 receipts — Camlet Dyeing, 23 receipts— Lasting Dye- 
ing, S3 rcfXBints^ShQt C^^ur^ Dyeing« ifij re^ipt»--fiilk Striped Oi^ 
Mansj fr<)lA llla^k,- ^Mte, una' Coloved Wkrp^,' 27 re6eip«»^CoIof 00 



Orleans, from Black Warps. 16 receipts— ColoTed Orleans. and Co> 
bourgs, from White Warps, 27 receipts— Colored Merino8,41 /receipts 
-Wooden $hawl Dyeing, 16 receipts— Pa(Ming, 42.rec9lpts— Silk Wayp, 
Skein, akd Haiulk^pchi^ Pointing, -(12 recelj^tti—^Mure and Ilseof I^e- 
i«at6a, . includtog. ; AJjwn* . AwiP.tta,. . ArpWl« Awteonia,. Argol,' iSoier 
Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pot- 
ash, Cudbear, Chemio, Of Sulphate of Indigo. French Bei;ry, or Persian 
Berry, Fustic or YQuag' FUatiO) Galls, iQfteo, Ktrauin or Lm Vjstu 
Logwood, Madder, NittitJ AirtiiiOr A<iua PARial^ Nitrates, Oxalic »Hn,- 
Feachwood, Prussiate of Potash, Quercitron Bark, Safflqwer, Saun- 
ders 6^ Bfe'd' Sandal, Sipeiii WObd; Suniachy TuioueHd; 'Examinany>n of 
Water by Tests, etc., etc. 

. . . ,r 
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Ulrichv. ! Dussaiice, A Complete Treatise 

,\0n tbb Anr pv liVfiiNo Cotton, and Wool, as pbactis^p m 
^. pARis^'^RotJiEN*, McLHOirssj ANt) GEftMANY. From the French 
of M. L'6tlll*"mrlcH, A-Pra(Stical Dyer in the priiicipal 
ManufaQtorles . of Pans, Rouen, Mulhous^^ etc,, etc. ; to 
wliiioh are add^jj the -mint. impQrtantRo^Mpts fo** Dyei't^ 
Wool, 4y {practised in . tji^ , Manufaoture Imp^riale , des 
(iobelins/Parig. Bj^ Professpr H. Duss^uo^e* 12mQV.$3^.00 

'content^.- " '''. 

. Kouen Dyes, 106 IVeceipts. 

Al8(ice « gas • *'* ' , , . , , 

' GermaTft « 1X». *"- • '•« 

Mulhouse" 72 " , ' 

Parisian " 66 " 
, M Gobelina " .lOQ " . . , 

•^nXjdlneai-ly"f§t?Re6Mfts. •' ^ '^'^i' •■' • '^5 






Easton. A Practical Treatise on Street or 
5. 1 Horse^power Hallways; 

^ ' Thef K'liOcia'tion, Constru'ctjoii' and Jianagfetnent ; -with 
 ^eheral^ Plans ahii RiHey'^pl-'thieiV Organization and Ope- 
ration ; together with P. Aattvi nations^ as to their Cbmpaira- 

11 






tlT0 AdTaattges pycr (he OiuQiba^ ^^m,.. aii4 In^nirlei 
as Xq their Valae Jtor Investixiept ; imsluding Copiea of 
Monioipal Ordinanoes reUiing thereto, P/ A^texander 
Baaton, C. B. ULustrated bj twentj-ihi^e plates, 8vo., 
eloth i ,$2.0(y 

fixamioations of Drugs, Mediciae^^ Ckweals, 

Ai U) their Pariftj and AdoJteratiQPSt B7 C. H. Peirce» 
M. D. 12mo., eloth ;...;.......^.......U $2.5Qt 

Fisher^s Mogeme M^niplatipik 

16mo., cloth ; 62 

J 

Gas and Ventilation; 

A Praotioal Treatise on Gas and Ventilation. Bj B. B. 
Perkins. 12mo., cloth j^l.OO 

Gilbart. A Practical Treatise on Banking. 

B/ James William Gilhart, i*. R. S. A new enlarged and 
improved ec^itipn. Edited by f. Smith Homans, editor 
of " Banker's Magazine." To which is added ** Jfonej," 
bjr H. C. Clirej. Syo.,...,....,....,..— .. .:-:—... f.$3.50 

Gregory's Mathefflaties for- Practical Men ; 

Adapted to the Pursnitd of Snfr/Bjors, Ardhttects, Me- 
chanics and Civil Engineers, ^vo// plates, clotli... 12.25 

Bardwich. A Manual 6£\l^lio;tograpl)ie Ghem* 
istry; • 

Including the practice of the CoUpdipn Prpcess. By J. 
F. Hardwich. {In press,) 



• « *i « ^ 



Hayi The Interior Decorator j 

The Laws of Harmonious Goljoring adapted to Interior 
Decorations ; with a Fsaetical Treatise on House Paint- 

/ ing. By D. R. Bay, Ho^i^se Painter and Decorator.,! Il- 
lustrated by, a I)iagrjam >of the Prima^y^ Secondary and 

.. Tertiary Colors. J2mo. (in press.) 



PUSSJBflXD BT IBESVBY GABAT BAIBI>. 

Inventor's Glade— Pbtent Offic(& and Patent 
-■'Laws-'i-- " .^'  • •• • 

Or, a'Giiide" to Inventor^,' and'a Book of Reference for 

Judges, Lawyers, Magislrate^, and others. By J^ G. 

-Moore. 12me., cloth «... 4...;.... $1.25. 

Jmis. Railway Property. A Treatise 

On the CoirsTRucTioN and Maitaobmbnt of Railways ; de- 
signed to afford useful kndwledge, in the p6pular st^U, 
to the holders of this class of property ; tts well ^s Rail- 
way Manftgers, Officers and Agdnt9. By John B. J^itIs, 
late Chief Engineer of thd Hodspn RiVer Railroad, Cro- 
ton Aqueduct, etc. One vpliiwie, 12mb;, eloth. .; ..•.$2.00 

OOK^rtiltf'TB. — Ttefiice — IfttrodlictioAl ' OloMftnicfl^iK -^ Ifttrodilc- 
tonr~Land and Land Damage»^iiipo»ti0B.ol' l!ine^.MI(thQdpf Qusinesi 
—Grading— Bridges and Culverts— Road Crossings— Ballasting Track-' 
Cross $Iee)>el-ir— ChAirb )ind ' Sijfkb'd—R&116— Station' ' Btiildiiigs— Loco- 
motivieS) Coaobes and Cacs. 0}al»«<tej^^Introdtt^igrt-'Freighfr«^Pfts- 
sengers— Engine Drivers— Repairs to Track— Repairs bA Maohinerir*>f 
Civil Engineer— Superintendent— Supplies of Material— Receipts— Dls- 
bursemezfts — ^tlitlQi — Running ^Ml^s — Competition — Financial - 
ManAgement^aeneral •Remarks. ' • 

^^  • , » 

Johnson. The Coal Trade ot British America ; 

-With RiaSearolies on the CJiaracters and'PratJtfbal Yinlttes 

off Annoricjn axid Pbreigii Coajs. ,J!lly Walter R. Johnson, 

CUtI'! atld . toiling :fingineiBr, and 'Chemist.' 8v"6;,,:..,,$2.6o 

This vplume cbptainfi the results of the experiments nlade for the 
Navy Department, ttpbn which their Cfoai ooMraetitf are now baeed. 

,,, .... •■, ,'•• 

Johnston. Instructions for tlie Analysis oi^-. 
Soils, Limestones and Mannres. 

By jJf F. W« , Jp]^^'stf>n. l^'^^a^^,,. ir,.,^^o'.)..^^MfV* ••tf*»*- 3fi 

Larkin. Tiie Fraetieat !Brass and Mn Found- 
er^s Guide; 

K Co])«isei.Tj;eAtiBe;f]|ii the:Al1r.o£9rass.F)0li»din£;!, MqvM- 
ingf ^^9* . 3y ^m«P..l49r;kiA^ ..l$mo^«.iQlc»th.»«^M..=«...$l.a6 

Leslie's (Miss) Complete Cookery; 

Directions for 0ookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one Yolume, I2mo., half 

bound, or in sheep $1.26 

13 



•l>B;AC9lOrAt» JOfl^ SCGCBN^Tirca B003C8, 

LesU«'8 (Miss) 'Ladies' 'Bouse B46k ; : 

A Manual of Domestic Economj. 2()th retv;ia6d edition. 
. 12mo., 9heep ,...„...,, , $1.25 

Leslie's (Miss) Two Hundred Receipte in 
French Cookery. . ^ 

Cloth, 12m6..;. '. : :.... 25" 



• ; 
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Lieber. Assater's (^nide; ; 

Off Pratitioftl Dirttctioiis to Assajers, Miners and:SmeUerfl, 

for tlie Testa and Asiajt, by Heat and by W^t P)*ooee8e^ 

**of the Orei ol all this prinoipal BCetaJs, andiOf €lold and 

 Silver Coins and AUpys* By Qaoar M. Lieber^ late G-eolo- 

gist to the Stateof Mississ^^i. 12mo. With illustra-' 

tions , :.......,....,. ^1.25 

-A^Amear the isdlqaelMftble works for this purpose, la this little 

Lowig. Principles 6t Organic. and Plijr^ologi^ 
. «al Cheinifftry. , . : ; ; . 

JBy^jDr. Gwrl W^^ig, 9octor oi jilj^^iclAe ^^.Pliilc^^pji^; 
,Qrdin(^r7;pi:ofe^8!or" 91 Cbemisf^y in ,tl^e ITfti^er^tty of 
,.^urich| Ai^tior'oi *VC]li^n»ie.de.sprgani8chei^.JSrpf'6iiidi>n 
gen.*^ . T'ranslaled bj Daniel Breed, M. P-i.of the Xf, SL 
Patent Office ; l#p o|.the,Ijiab9ratory.pf Liefciig^nd Lo^^g.< 
8vo., sheep ../. ...$3.50 

Marble Worker^s Manual; , . , .v. 



/ Containing t'raotical Information respecting |^i^rl()les \n 
geireralj their- Cnttrng, Waking and PoHkhittg,- V^neeV- 
ing, 6t9*}.ft9. il2n]^o,, Qloth.i.M.;.>. *• uiv ^.$1.25 1 

Miles. A Plain Treatise on ; Hoige-shocing. 

With Ulttstrltticjlni. r '8j^ ^tifiiftiiif Mil«s|JAil'{li#*i«f *^T^ 
.H6ree.*S'Foot.*l*'.Jki.*wii* ;v. ...a. ...,;. l....^.iii.Lj.U.. .*;.':; ll.Ck) 
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FTTBiaSHSny BY HBKB^v'OABST UApLSt), 

Mm kBtom, The Manse Sleam<Ebgiite. 

., By Thomas J^JillAysij F.t^. Aet^S. Mathematical Professor 

. at the Rojral IJayal €oUeg«, Portsmouth, and Thpmas 

• Bro'^^n, Assoc. Inst. C. E.. Chief Engineer R,. N. attached 

< to tl^e Boyal Naval College. Authors of ^^ Questions Qon- ^ 

 nected with the Marine Steam-Engiiie," and the *'Itidi- 

cator.and Dynamometer." WUnNumeroiis lUpstrations. 

[lii one Vplume, 8vo^ , .1 $5.0a~ 

CONTENTS.— Introductory Chapter, The Boiler, The Engine, GeV, 
ting up Steam, Duties to Madhine^y' yUrheh under siaam, Duties to £n-» 
gine, &o., on arriving In harber, Miscellaneous, Appendix.- 

Main Ji^ ^rown. Questions on SdbjectJ Con- 
necteii with the Morine-Steam Engine, 

And Examination Papers ; with Hints for their Solution. 
By Thptnas J*. Main, Professol*.of Mathematics Royal Naval 
€elleige, andThomas Brown, Chief Engineer R.N. 12mo., 
dt>th ...... ....'.;.. ........;.„.: • $1.60 

Mftin & Brown. The todica^tor and DynajB«« , 

-':- 'meter, "- - ■'" ••■ "• * - '• -■ •• ■'\, 

-With iheit Practical Ap|>liDation8 to the St«ain Engine^ 
By ThefmiiH J. Main and Thomlas Brown. With Illu^lra- 



Morfit. A Treatise on Chemistry  ' 

Applied, toi the Manufacturb of Soap anp Cakdlbs ; heing 
a Tliorpugli J^pdsition, in all their Mini?,tiffl» of the pvin- 
/i^ipies ' aiid Practice of the Trade,. hasedi^ppu: the.mopt 
' recent* DTddoveried' in Science and Art. By Campbeljl 
'Moffit; "PrbfessoT of Analytical and Applied' Chemistry in . 
.th«k,Univer|it(y of Marylaadib .A new and improved edi- 
tioi*. II3ii9tr{ited with • 26(^ TBngra'vJngs oh Woodl Com- ; 
plete in oile Volume, large 8v6.. :,.,'. ■.....:..,„. .'....$7: 50' 

kX>N'97jallT9.'^*^KAPT%R L 7he History of the A rt ai«l its: llela- 
tlWS'to Sbfcnce-i-tl. Cheimeal Cotnbinfttlon— Ilr. Alfcalles and Alka^ * 
line Earths— IV. Alkalimcntary— V. -A^Sr-VI. Orlgln.aod Composi- 
tion of Fatty Matters— VII. SaponKlaJfte Fats— Vegfftable Fals- Ani- 
mal Fats— Waxes— VIII. Action of Heat and Mineral AcidSiOf Ttif^ 
Mi^te^fr^tX. Volatile or i^ssentlal Oils, and tlAsins— X. The Proxi- 
mate Pilnalpleiiiof Fats— Their CoA^iosition and Prop^riieiK-BRSto 
G^^tituei^ts of Ffts|-*XI. Theory of Saponification— Xii; Utensils 
Requisite for a Soap Factory— xUI. Preparato^-iir Maqipuletlonf in 
thte Proeetrs of IttakWg Soap^Pr^aration of thfe L^fes-^^xrv, Hfcrd 



PBACTICAIi AMD BCOSNTEFIO . BOOSS^ 

.— — ^— »^—  I I ,m^m^— I II III  - . 11 >i.-  

■oap»-XV. Son8oAp»*^VL tea^lntMCold FrooeB8»-XVIL Sgf- 
Mte4 Bosp»-*ZVUL 'n>llet 8oap»-tXuL Patent Soapa-^Xv FnvuA 
and Adulteration! In the Manufacti^e of Soap— XXI. Candles— XXII. 
lUamteatlon— XXIII. PhllMotfliy^ of Fhiaie-QlXIV. Raw Material 
for Caadlfa-^PurifloattoA and BleacUaff of Sue t^XX V. Wieka^XXYI. 
Upped Candles— XXVII. Moulded Cand&es—XXVIIL Stearin .Candles 
— XXrX. Stearic Add Candles— « Star" ot " Adamantine'* Candles— 
SMmnlfloatloa by Llme>— SapoAifloatien by Lime and •Sulnhurdus Add 
— aapqniaoatioQ hv Bulpburlo AeidT-SapQDlflqfttiein by tba oonbined 
action of Heat, Pressure and iSteam^j^XX. Spi^rmaoeti CancU'Bii— 
XXXI. Wax Oandli^— XXXII. Cbmposite Candles-^XXXat Paraflin 
i-*XXXIV. Patent Candles^XXXV* HydrMndters and T&erm»ttietiA 

Mortimer. Pyrotedmist's Gaapaiiioii^ 

Orv» Familiar Sjatexn of Fire-works. By a$:W. liorii> 
mer. lUastrated by ntimeroas Engrayings. 12nro|1.25' 

Napier. Mannal of JBIectro-Metalliirgyj , , 

Inclading the Applicatioa of the At% to Alaiiafacti^i^g 
Prooessea. By James Napiisr. Fron). the fieof^nd Lqndoa 
edition, revised and enlarged. , Illustrated, by Ei^ra?- 
ings. In one volume, l2mo '. $1.50 

JlaplflT's ElectitHMetalliKy ivfcenefally regarded as the yery l^ 
Prainroal Treatise on the Siitifect In the English Language. 

OONTBNT8.— History of the Art of Electro-Metajlurgy-rPescrip- 
tion of Oalvanio Batteries, and their respeetive Peculiarities— Eleo- 
tiptype Ftofesees^MlseeltaneDijtf Appliastiana of the' Pteeeu ot Ooat- 




tions. 



Norris's Hand-book for LocomotiTe EDgineers 
and Macbiniste; . ^ 

Comprising the Calculations for Constructing LQpomo- 

tlVes, Manner of setting Valves, etc, etc. , l(y fe|j)timus 

Nortis, Cltil'alild ifechanical ^Eji^gineer. In bnl^ vdiume. 

;12tiio., With Iilns.trati6n8... , .,.,.;,..... ...'. $2.00 

"•» With pleasure do we n^eist, with auflh a wprk as Aleseriv Norrii 
and Baird have ^ven m.'^-ilrfibrtf^. 

•*Ia laitarworlB he has glven'ois WMii ara eaUed 'tli«%e^r«tsof>tfie 
busijoess,' in the rv^ to eMs^i^t:leoQin9t|r«s,:in ordwrtlUt tlM lAil- 
Uon should be learned in aU thiiu^."—5icieiilvlc jbMcrJc«n.' 

Nystpom; A Treatise «a Scfjeir-RfQ^eHers and . 
their Steato'Engines; 

With Pl'iictittal Kulea and, Examples by whi«h ip Calou- " 
late aa4 Construct, the aaofte for any desoiiptitnt cif .V«s- • 
sels. B^ J. W. Ny^trom. Illuitrated b)- ov^r'iliiTty; 
large Working prawings. In one volume, ^^6jtaVo,^$fi|.00'. 
16 ' 



F0Bun[i» 'At H]&amtr oABinr' BJMit>: 

Of eitaan. Tlte MaJinfactiire of /Irott in all jts 
Various Branches; 

To which is added an Essay on the Man af act are of Steel. 
By Frederick Oterman, Mining Engineer, With one^ 
: hundred and £fty Wood Engravings. Third edition, lu., 
one Tolume, octavo, five hundred pages* ^.. $7<dO( 

** We have i)<)w to annotince the appearance of .another valuable., 
work on the satsject, which,' in our humble opinion, supplies any deft* . 
ciency which li^te Improvements and discoveries may have caused. • 
from the lapse of time since the date of * Hushet' and ' Schrlvenor.' 
It Is the production of one of our Trans-Atlantic brethren, W- Fred- , 
erlck Overman, fining Engineer ; ^nd we do not hesitate to set it  
down as a work of great Itnport^noe to ^U connected with the iron In- 
terests: one which, while it. is 'BufiSciently technological fully to ex-*, 
plAili cnemlcal analysis, and the varioii^s phenomena of iron under , 
dilfeTent circumstances, to the satisfaction of the most fastidious, is' 
written in that clear and comprehensive style as to be available to ihe 
capacity of the hihnblest mind, and consequently will be of much ad- 
vantage to those works where the proprietors may see the desiraUIity 
of placing It in the hands of their operaUvei^."~L<Muion MHing 
Journain , i 

F^ieter, Gilder and Yamislier's Compaiu<)iii. 

Containing Rules and Regulations in every thing relating 
to the Arts of Painting, Gilding, Varnishing and Glass 
Bttiinlng ; with.ii.ujne£ons useful md valuable Reo^plli ; 
Tests for the detection of Adulterations in Oils and 
Colors ; and a* statement of the Diseases and Accidenta to. 
which Painters, Gilder» and Varnishers are particularly 
liable, wit^ ttie simplest methods of Prevention aifd 
Bemedy. Eighth, eclition. To which are added Complete 
tjnstructioria in Orainingj Marbling, Sign Writing, and 
Gilding on Glass. ISn^o., cloth $l.i^5 

Paper-flai^er's (The) Companions 

In which the Practical Operations of the Trade are sys- 
tematically laid' down ;'Wrth obpious Dlre^tiOhs* Prepara- 
tory to Papering; Preyentions againstthe <e^^ct of Damp 
in WaUs; the rariovis Cements^ and PasVes adkpterd to 
th^ 8«y«Ma phspposes of 4he Trad^ ; (yNerv&tioilis anfd^ Vi- 
relations for- th-e Panel-14ng- and* 'Orntttnentin^'O^ 'Rooms, 



etc., eto. By James Arrows^nith* I^i Que volume 
12mo ....,,,.. ,,., .vi.. ..^,U.. M. «..a*, 

Eracficfli. (The) Sftryeyor^s Gjiide'j 

Containingc-thp necessary information to makeiany pep, 
0O4 of cDt4mo]X cajiaoily a inished Land Burireyor, wttU-' 






lePAgi'^JECVMi; AKl^ j^H^rTfiTQ^ MKUKft 



•Ut the Hid of a' Teacher. B7 .itdre^ ' Dnnoan, 4f<VMi 
'Surveyor and Civil Engineer. 12nio ! ^: '..:!,. $1.25 ' 

Having had an experience ag a frf^tipal Surveyor, etc, ef thirty 
years, it is believed that the author of this volume ppsBesses a thorough 
knbwled^ oi ihe waatB of the profeBBton ; aad aever haring met wlCh 
apj Yo^k sufficiently concise and instructive, 4a the Mvfrokl deVitIs 
necessary for th^ proper Qualification of the Surveyor, ii has bf^en hi* 
object to supply that want. Among other IfUpbrtttnt matters io. the 
book, will bei found the foUo^rijBg: >/ 

Instructions in levelling and profiling, with a new apd speedy plaji 
of setting grades on rail and plank roads--the method or infleinilng 
clirveB— the description Knd design of iwiew instrumen^t, whereby iils^ 
tances are found at once, without any calculation— a |iC(W method of , 
surveying any tract of land by measuring oi^e line through it:— » geo-s • 
n\etricai Method of correcting surveys taken with the compass, to fit 
them for calci; |&tlon— a shorfmethoa of finding the angles, fi-om the 
courses, and Vice versa — the^^ method of surveyinff with tiie co.mpass 
throulgh kny mine or iron works, and to cor^reot tne deflections of tl^e 
needle by attraction— description of an Ihstrumeat by the help of 
which any one may measure a map by inspection, \frithout calcutatloil 
— (t new and short method of calculation. Wherein feVer figui;ef are' 
used,— the method of correcting the diurnal variation of the needle ,' 
—various methods of plotting and embellishing maps— the most fiot* 
reet method of laying oft* plots with the pole, etc.— descMptidn of a, 
new compass contrived by the author, etc., etc. 

Rjiilmd EngiDeer's rocket €empani«a for the- 

•'■•'./Field... ••:.■: .•';',.; ' ': ,•:- 

: ^y W^ Griliwold. 12ino.» tneka «. ^1*25 

« 

Kepanlt. Elements of Chemistry. 

By M. V. Regnault. Translated from' the French by t. 
' Forrest Betton, M.D^, {ind edited, with ij'otQS, by Jatn^s 

b. Booth, Melter and Refiner U. S.'Mint, and William t- 
'.Fibber, Metallurgist and fining Engineer. J(lhistrat0d by 
'nearly 700- "wood engravings. Cbmprtsing nearly 1;500 

pages. In two volumes, 8vo., cloth ,..........«••. $10.00 



Rural Ctemlstryj 



An Elementary Introduction to. th« Study of the Soience, 
, in i|i8 relation to Agriculture axid tbe Arts of Life. By 
, £4:s^ard @ol.ly, PrQf^sspr.of ChemMtry/ in the Kovtioul- 
. tuv^ Soeiety of Loodop. From Uie tbir^A|nptEoip«d Lon> 

don e^itiour  12ix(<).ro •..'•• » ...«>«•«« ;«....». v.i.F«««$l*^0 



• • • • 



Sh«nL A Fnctkal Treatise 

On Railway Cubvb». and Location 709 Youno Bnoikbbb&. 
By Wm. F. Shnnk, Civil Bngine«r« l2mo.» 4iM^ 

Skengfli and i Other Prftperties of Metals; 

Reports of Experiments on the Strength and other Pro- 



« 



» 
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&. 



' 'j^/Uds -^ fil^ti^s 4^ QiJinitii. Witikft DesoriptiOii of the 
< -Mftohineft f6^ Tesiing Metal^^ .and .of. the. €ladii$!oatix)n of 
'CaniiDrn in, service. . .By Qffloera >«£ Mm OrdAaitce Depart- 
ment U. S. Army. By authority of the Secretary of 
War. lUuyU'ated hy^^^r^e st^l platas. Ia one voL^ 
nme, <]tiiajft(L...v ^.jwu.,..,...*.! «.« «..•»>• (1Q*(H| 

i The (Mel fCwi^'ftae'on'CaBt^rta extent.'. ' ' : ,f 

TaWjBS ^owipg the Wdgbt ; 

Of :Boi79d^ Sqda/sk.^vp Fi>av 9ab Iboit, Sije^^*, eio., by 
.Meiiei|];emeat« iGlotibL 4«.*. ..,oh»*» /•»• •* .'•••» t^O 



> I 



>j\ 



Tatlof. Statistics of Coalj 

Inoluding Mineral Bituip'inons &abstanees ^m^loyad il}^ 

Arts and Manufactures ;' with their G^eogtaphloal, Oeo- 

logical and Cotnmeroial Dtoti^bntion, and AfajomHiof'Pto- 

' dwotidn and' ConsiimptloB on tike Am^rioafn Oonlinent. 

With Inofd^n^l Stati8tl«» M the Iron lAanttfaotnoe.i By 

'It. C. Ta^lbt. Second edUtMi^.reviKed/b^ 8/S.:Hidd)b- 

' sialic- Illttatrated by Are^Mapd'and niany Wood Ehptstv- 

> ings. ' 879.^ cloth.. ,, ; w... .u^6.99; 



• A. ' I > \ . f < • 



Templeton. The Priicti«al fixankafidr on 
Steam and the BteamEniipe; :. 

^'With • laatruotiye Relei'eDeeS' relative . thereto,. Armn^^d 
for the use of Engineers, Students, and others. By .Wm^ 
Templeton, Engineer. 12inoJi .•.-..'.... .«^I.'.,.. i|l«2& 

.Vbtt .work'wAgi>riclnaUy -vtnpltteA f6t the >kttthof*8^priv«te ate; fte 
was prfijvaUed upoA py Tf^rtous S^gJLi\eer«i vho had 00^9 tl^e nptep, to 
cpasent to its pubhcation, rrom their eager expression of belief thfit 
it would be eqnaUy useful to them as it had been to himself. - 

Tin and Slieet Iron iforker's Instructor; 

Comprising^ eompleie B^scriptione o€ tlie^ necessary Pat- 
terns .and Machinory^ and the Processes of Calculating 
DinrenstrftoSi Cutting; -Joining, Raii^ntrSoWei^ftft lito. 
etc. With nnmerous Illustrations. .....^2.50 

T^ti^c (A) : o» 9 fifijf of ftatnj^^ - 

And the Slide Hule-'; with tJie'ThifiiotV of Trigonometry' 
;and togarijt'hms, incli^ding^ l»ractioaI 'Geometry, Survey 1 
ing, Measuring of Timber, €a«k and M^U (jhtaging^ 

'■19 ^.* 



FBAOTICiLt* AND 8CIXir7Z9*XC 9qOXB^ 

Heights and DIaUikoes. Bj Tbomss K«Btiafau In one 

▼olume, 12mo.. .« ..., m»m'.m ^..^« m<m..$)«25 

A Tolum* of UMitlBiiM« ▼aloe to EoglaeerStfiaiigen, Students* amd 



TunibalL The Electro/Magnetic Teli^pJi; 

With ftn Historical Aooovni 9t its Kiso, PfOgrMs, jmd 
Present Condition. Also, Practical Saggestions in regard 
to Insulation and Ptotection from the'Bffectoof Light-' 
ning. Together with an Appendix containliig several 
importanl Telegraphio Def ioes anrd Laws. By Lawrence 
Tnmball, M. D», Lecturer on Techtaioal Chemistry 4it the 
Franklin Institute. Second edition. Revised and in^- 
proved. Illustrated by numerous Sugraringii. 8yo..|2.50' 

Tflrner's (The) Companion; 

Ctmtaluing Instruction in CoaoentriCy £UiptiQ.»nd Sooen- 
tri« Turning; also various Btieal' Plates of Cfhucl^, T<9ols 
andlnatmiuenfB ; and Directions for Using, ihe Scc^utsic 
Outter, Drill, Yertioal OuU&t aud R«^ ; .with Patterns 
mad. iusiimoiions for working them. ].:ii4[iq.T oloth.,, .|;i».:^ 

Weatheriey (Heniy). Treatise on tie Art of 
JBdlms- Sogv, Crystallising, , LozeD^i* 
making, Comfite, Gum. Goods, 

Williams. On Heat ana. Steam : 

•Smbraeing New Views eC Vaporisation* Ckmd^naation, 
and '^pfinsion. By Charles Wye Williams. Illustrated. 



1 ) 



SOCIAL SCIENCE. 

"I challenge the production from finong the writers on xv>litiei4.^ 
economy Of a mere le^niei, i^osefulealjnnd eonvi^ing mnrttrter 
on that theme, than faiy\!fetlngui8hea {eII6V-drtIzen,l}enryx;. Cai«y.' 
rVY«Qt)u he-fams yuhliahed in mppprtof tbe proteattTe p^^qr, are 
refnarkaMc fbr prpfouod researc^t, extensive range of inquiry, rare 
lo^eal acumen. And a consummate knot^^lMgleof W«tory.** — Speee* of 
Him, Ed»om€ Jof Morvia, in>^Mm Hom».itf. JStepnteWtaUmtf 4^ Om VnUtd 
Statet, TeWpary 2, 1869. 



PiJBt£lf»&Bn BY fiB^By ADAIBII7 IDAZHD. 
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" Bmm ^. €aie|\, th^ b«tt kn^wa^^dd abl«l% eoottoiAtIt of J^qA 

Aiii«riM: * • '^ • • •''InEttix>p^bdi8]^)Ucipall5rkAoAvn%Vmii 
(•triking and original attacks, based upon the peculiar advantages of 

Amertcau' experience,* on sorae* of the -prineipal 'doctrines,' efPt^cfall}- 
' Malthus? . < Theory of Sopulatioa*. and IUeardo?s teachings. Hte views 
'have beealai^efy adopted and thoroughly disQussed In Europe. "~. 

" The Gemuin PotUical LaticonJl JSdUed bSButnttdui andBratin: LeipHc. 

1$58. , . " ^ . -^^^ 

" We believe that your labors mark an era in the science of political 
economy. To your researches and lucid arguments are we indebted 
for the explosion of this absurdlnes ot Malthus. Say, and RJc^rdo, in 
r(egard to the inability of the earth to meet the aemands of a growing 
^opulatibhi AmeriCffb indufitl*y owes you a deDt which eabnot be re- 
paid, and which it will eier be proud to acknbivledge.^Frtmi aLMkr 
of Han. George W. Scranton^ M. C., Hon. WiUiAm Jeisup, mid ^velr Miaaty 
in^iienHal ciHzent of Luzerne Countyt Penn»yBoaniiij to aenrf €, Oattey^ 
:4prfl3, 1859. , . 

Knaacial Crises; ^ 

Their Causes and Effects. 3vo.| pap^r r»<*****^** v*Mf ^ 



>!'• 



freneh arid Am erifcan Tariffs, ' , 

Compared in a Series of Letters addressed to Mons. 11. 
' Cheralier. 8ro^, pap^T.« <*... < '25 

Harmony (The) of hlerests; 

Agricultural, Manufacturing and Commercial. 'Std., 

''paJ>Br. ..;....;. ;..... 1...'.. I..'... .;.... ' 76 

Cloth , «... ....'.l^l.SO 

' » » * 

; ** We can safely recommend this remarkable work to all who wish 
,to investigate the causes of the progress or decline of Indup^rjlal com- 
<m\mitiw.^*'r-Blackwood^4 Hagaziru.  i " vj 



/ 



Letters, to the President of the United States; 

Sre;, Pspeif.. ...i .*...... 60 

MiseellaBeoas Works 



J 

Comprising "Hwmtjny of Inteireats,'* ** Money,'* ** Let- 
ters to the President," ** French and Americati Tariffs," 
and '' financial Crises.*' One volume, 8vo./ ...... ...$3.00 



Money; A Lectnrp 



BiefoTeHlie 5ew York GeogiTiphio^l. a^id Statistical So- 

ciet/. 8vo., paper * ^o 

21 
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TBS WCnUB Or^HSMBT a f»UUIY. 

fSut (The), (he flrtsent, and the F^itnn. 

ISno.. .« • ^.v..... •»* •«••••• *.k««*b«. .j.«.«*»fc$1.50 

" Fun of i»port«nt iacU be&rlnff on topics ttaatsre now agitating 
•U Europe. • • • These quotations will only whet 'tire appetite 
of the Bcnentlflc reader to devour the whole work. It is a book full of 
valuable l]ilbrma(tlon.**^£o9iUM»itf. 

*' Decidedly a book to be read by all who take an interest tn tlie pro- 
gress of social 8eienoe."~^|peetarM'. 

"A Sontkerti man -myself, never given to tariCT doctrines, I confess to 
-hafre been «oavliieed ey bia reasoning, and, thank Heaven, have not 
Mnrio leaim the dUbaenee between doned obsUnacy and consistency. 
* Ye goda. give us hut nah% i> should be the motto of every Inquirer 
alter truth, but for far diffbrent and better purposes than tna^ which 
prompted the exclamation.'* — Jlu iaU John S, SUnner. 

** A volume of extensive information, deep thought high inttflU- 
genoe, and moreover of material utiUty."— tenAm Mfmin^ Affu^rtite^. 

M Emanating fW>m an active intellect, remitrkable for distinct vi^ws 
md sineere eonvietiottt.'*— BriUimia. 

•• ( The Past, Present, and Future.* is a vast summary of progressive 
philosophy, wherein he demoxtttrates the beneOt of 'political ecpz^OD^y 
in the onward progress of atmnMind, iKhlch, ruled and dlKcvd l>3ri(>ii^- 
irhelmlng influences qI an exteriqr .nature, advances little by little, 
ttntll these exterior Influences arercttdered subservient In their turn, 
to increase as much as possibly the e;(^nt of tl^eU wealth m^ ri«h^s." 
^JHdionnavre UMvena du Cantemporairu. Par G. Vdpereau, T'arU, 
18BB. 

Principles of Social Science. 

Three, yplames, Svp.j cloth ,i|10.00 

OONTBMTS.— Volume . I. Of.)8ciencp and its Methods-*Of Man. 
the Subject of Social Science^Of Increase in the Numbers of Mankind 
—Of the Occdpation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society— Of Appropriation— Of Changes of Matter in Plate 
— Of M hanical and Chemical Changes in the Forms of Matter. V«il- 
ume II. Of Vital Changes in the Form of Matter — Of the Instrument 
of A^so^atlpn. Voilume III. 0£ Production- and Consumption — Of 
Ateumtoation— Of Circul|ition>— pf nitHT^ulion— Of Oon(fentrati^n 
and Centralization— Of Competition — Of Population — Of Food and 
Popuiatien— Of Colonisation— Of the Malthusian . OBbeor^— Of Com- 
merce—Of the Societary Organization— Of Social Science. 

" I have no desire here to reproach Mr, if althus with the extreme 
lightness of his scientific baggage. In his d|iy, '^l^i ^uMkO. and 
v€|fetable chemistry, the relations of the various portions of the hu- 
•mJin orgshlstt, etc. etc., had made' but little iprogKBs, and it injEo the 
'^esn^rftl ignorance in refer^ncfe to; these mi^tlonarth^liyreinuat. as I 
think, look for explanation of tl^e fact tnat he should, wit^ so much 
confideneeyin' "reference to' so very grave a subject, have 'veniurekl to 
suggest a formula so arbitrary in its character, and one whose hoUow- 
ness becomes now so clearly manifest. Mr. Carey's advantage over 
him, both as to facts and logic, is certalM^titte in great pwt to the 

{)rogre88 that has since been made in all me sciences ooAnecoed with 
tfe-; but then, how ads^^n^ly has he pr^^ of them) .How entirely 
<iB he au courant of all these branches of khowledge' which, whither 



3eiZBE4EBH3BD BT HIOS'BT CABUS BJlIBD. 

THU' WORKS OF HXHftT d €ABBT. 

directly or UidlKctlTvlM^r upon I^s svlijeot I ; Wlt)i what tkill doeirto 
ask of each atth efwj:ofthem all tliat It caa be mad« to fUnil«. 
whether of facts or ar£um,ent8 ! With wliiat elevate4 views, ana 
■v^a'i amBiitade btttkktkOBi 4oen he 90 fonWiraid la hit work 1 A1k>v« 
aU, hem .thoTOUgli, in Wa Act^oUHc caytlon ! Accumulating inductions, 
and presenting lor consideration facts the most undoubted and proba 
blllties of the nigbest fcinfl, 1m yet affirBa< nothing, cantemttng hima?lf 
with showing thathia opponent had no good xeason loT'af&nnljQg the 
natute of the progf esslon, nor the tbne of dupUofttion, nor the eeae- 
rall2ation which taJqee the facts of an individual caise and ded«ce8 
.from them a law for every race, dvery climate, eyery clviliiatlom, 
enpievv condition, moral or phyalcal, permanent and transient, 
-liealtfeyor. unh^althyt of the-viarfoufl.popiilationB of the many couo- 
teles'of the wdrld. Then, having reduced the theory to the level of a 
mere hypothesis, he crusbee tt to atoms under the wei^t of facta.''— 
M. De FotUtnay-in Urn ^^Jmnmal des JEcemomittet." Parit, Septeinber, 1660. 

- '* This book is' so al/undantiy-|ull of notices, facts. c6mt>atiBontf, cal- 
cuIationSj and arguments^ that too much wotld be lost by laying a 

f«rt of It before the eye of the reader. Thte wotk Is vast and severe 
n its conception and aim. and is fa;^ removed firom the-o6mmon run 
of the books on similar sucuects. "~iZ Mondo LetterariOy Turin, 

^in< ^[MkUtieai ecenomy,' America' is represented by [on* of the 
strongest and mbst ok*teuial .wtiters of the age, Henry C. Carey, of 
-Philadelphia* ♦m* #♦  » » * • ♦» 
^* Hia theory .of Rents Is regarded as a complete demonstration that 
•the popwlair views- deiclved from iRicardo are erroneous ; and on the 
icutject of -Proteetilon,' he is generally confeseed to be the master- 
!thlnk«r of hli country.* WFFeffmi«sMr Jtevinv. 

; ''fioth in America and on the Continent, Mr. Henry C^rey has ac- 
' ^Ul.!red a great name as ajiolitical economist *  •  « 
*f niB refutation of Mamius and Rlcardo we consider most triumph- 
kaV^^Landon CHH6. ' 

" Mr. Carey began his publication of Principles twenty years ago ; 

he is certainly a mature and delij^rate writer. More than this, he Is 

' readable : his pages swarm wffhnlustrative facts and with American 

instances. ••♦•••••••«• 

" We are in great charity with books which, like Mr. Caicy's, theo- 
rize with excewtve ttoittiOBs, when «he anthor, an does 2ttvJ aarey, 
possesses Information and reasoning power.'*— Xomton Atherueum. 

^' ** Those who Ivould flrfit a^tnifthe institla(t6 greed and unsdrupu- 
, t^uM -mlsrepreteiiltations of the Maaihelitee school,' which we have &e- 

Mving ever dared to 

works' an immense 

•«-••♦ -# • 

** An author who has, among the political economists of Germany 
.48!!iS''''?KSli£I*SJ£I?"''i?i***^'''*'** ^°^^ atttnttve permal in £qg- 

** Of all the varied answers to the old cry of human nalure. * Who 
will show us any good V none are more sententious f^hah Mir. Carey's. 
He says to Kings, Presidents, and People,/ Keep the nation at work, 
^aMQ'Ifhi grater tBe vtitUky^ eihploymenis tlMTlMtter.' Hte is seek- 
ing An0 elucidating, .the irreMufUcial Uw^tif miitidr as>egatds man. 
He is at once the apostle and evangelist of temporal righteousness.'' 
"NaHontd InteUigptce^. 

" A wotk i«hlch We tf ll€fve to b« the i^teat eiir written by in 
American, and one which will in future ages be pointed out as the 
*>?iPf "f»«Kf«i,fiffort QfiteHmeto^rm th«giieatfcietM«;iti«ti/temfa." 
^Fhladelphif. Evening BuUetin, 
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THB WORKS OF HX9RY C CAXST. 

The Slave Trade, Domestic aiid Foreign; ' 

Wlij it Bxists, and fiow it may he Bxtinguisbed. X^mo^, 
eloth '. ....$1.50 

OOKTXH T8.— The Wide Extent ef Si%verj*^^T Slarevy in thle 
Brittoh CoIonleB«-'Of Savery In the Unitad States— Of Kmancipatioix 
fee the Britieh Coloniee-^How Man pastes from Porerty and sUvery 
toward WeaHh and Freedom-^How Wealth tends to Inerease^Hew 
Labor aeqnires Value and Man becofnes Freift^Hovr Man passes froti 
Wealth and Freedom teiwaiti Borerty and Slsvexyt-How Slnrery 
grew, and How it Is now malntelned Inthe West Indiee«-Ho(w Slavery 
fntntj and la ualnftafaied. In the United Stktee^How SlaTery grows in 
Fortogal and Turkey-t^ow- Slavery growii in mdl»*^How Slaveiy 

Sows in Ireland and Seotland»HoitMttay«ry ^itows in Engiand*^ 
ow can Slavwy be eictingulshed 1— How Freedom gcows in Northern 
GermanT-^How Freedom grows in lUissia^Bow Freedom grows in 
Denmark — How Freedom grows in Spain and Belgium— Of the Duly 
of the People of the United States— Of the Duty oithe Peoplp of Z^S- 
land. 

** As a phUosaphteal writer. Mr. Cavey is lemarkabiafdr the anion 
«tf eomptAeBslTe generallKatioiia with a ooidous induction of &cta. 
His research of principles never leads him to the neglect of details : 
aor Is his aeeomiilatioa of instances erer at the exp^ise of universal 
truth. He is, doubtless, intent on the investigation of laws, as tUe 
appropriate aim of eeleBee, bnt no passion for tbeorv seduees him 
into the region of pure apeeolation. His mind is no less hlstorioal 
than phihMBophlcal. and had he not choseii. the severer branch, in 
which his studies nave borne such excellent fruit, he would jiave 
attained an eminent rank among the historians from whom the litera- 
ture of our country has received such signal illustration."— A^io Y(nrk 
Tribune. 



French Polkieo«EcoBoniic Controversy, 

Between the Supporters of the Doctrines pf Gabet and 
of those of Rica&Do and UAiitBVB. By MM. I>o Fontenay, 
DUpnit, BaudHUarl, and others. Translated from' the 
** Journal des EconomisteS," 1862-63. (/a press.) 

Protection of Home Labor and Home Frod4ie- 
tions. 

Keceasary to; the ProspoHty of the AAmerioan Fnfrmor. 
By H. C. BaiMi. Paper ...«..: *........, i3 

Smith. A Manaal of Fiscal Eeenomy. - 

By B. PMhin* Smith. 12mo., Moth. ..; .» |1<&6 
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